PI tuVrna'Msmi ([turtl nSiiom n -i 1 -} -,(4^ -< H "In* gaaKMi s ^tet -.V I ^ ^ H. Hi 

n l I I % f?y* \h K n 

„ i ts<s LI^FKse v ^^t-x 1 <i\ r HI II ^ *l k*. k*. k" y ,K R 

S I > 4 s Mil ^ ' \ »t»U " ^ < 1 x 

E i - k<- vil st ,t s > «, I Ml 

SvlK ^ I ( | S I t | » \ ^ W t MV- S. ilk ^ r t ! ^ < 

i -> f <. m r ^ N w K ' MP ' TM r t i ) n 

i Mh.m.m.m.m.tm. 



"M \Ktnt R ! 



5V 9«fv^5 «5% f'f^WiU fite*. 10 S f>N* fi*£!T>-fr>3 Willed vf '«XCH?iS*%'* !f--^TS 03(<SST rfipfsi^^e for 'V'tuT", 

JifiiOM s; ■'jriJ'O-f'iC'rv trirf^i ,-«s.N^nh!Rant J^A ■."v 1 i':"ijS < i; wkn'ii CCMVipiiAv cjn* isJ si's" SANA SJ-js^j^fsiti &vcrj«^ k" 



wo 9smm MrTM¥97mm- 



R^my&ns important group, of ^ac^yC^ a^t oK^ ^Wetot,, ^op^es in Currer^ 

G^snstry p9~1,s ^ 21 49i They eon^ss ®* a r\*phthoqu'rKW cK-onopncrs Vihicn ^ 
itfan«e<i fey a loi-g ^fiph&Sie br>dg«* Rt&amyc*r«s befen§ to t?>e o? an&s^ycm ar-tootits 
^-hrh a?f* p*£fcsyc<5d £7 s^ver^ Gfanrs-pos&v^ s&a haclma of ttis acti^o^yv^tes group and 3 
few pmt&. 

Ans&mysns ®r$? crwaci^ri^d by a *t»( arom^x nucleus sparse^ by a long as.pla^e ^ruge 
jOiit«*^ opposite posstjons ot the nucleus. Two d.ttsient Qfeti£& c* ansamy^ns ca^ L*j 
di3t>ngu*$fted by the structure of the arcmattc nudaus. One gfous rvss a nspht^oqumald 
cxhfofnophi-rp, w.lh the typical repwsentatsves besnq Jtfamycsn, streptovariai, talyporryc!^ 
and n^ph(hejTsyc;rs. Th& s£-conci group, whsch has a b^socj'unokj ehr&mop^r-e, <$ 
charact??iz-sd by qestfanamyc^ msyiarwrnjs ^*n<l ansarrit+oories. ^Gbise'ba a: . 
Biotechnology c-t todusiria? Acoustics Van^arome £ J Ed . Decker jnc. Nev» York, 
2&t-3^7). lr. contrast to antf&icitics of the matroltdfe type, !ha ari&arn^c^s contain ^ the 
aliphatic ring sysrem not a lactone ti«fcag» bus m amide lmfca.o« wtsich forms the connection 
to fhe c^rosnojatore. 

The di&covery ot t^e fstarrtyphs p^xlucec: by ths nrsicfooro&mssni Swpfs.^yees mt^dit&rranQi 
th*? orgasm was calks-d #5 that twe, be*ew) was described la* tin* first tnr*e ir> 3959 
{Sens; et at . Faroracn Ed feci {195&) 14, 146-147}. E*fca«io« vuiJh &tfcji acetate of the 
aeidtfsed cultures of Strsptomyces medtie^s^t resulted in isolation of a Tmxtute of 
ant&ioticalSy active comoon&nts, tfto rifamycms A. B„ C, D and £ F?ifa-roycir» 8, tfcfc mo$\ 
stab% coroMfWt, wars sopa'St^d trom t*"><? other components, sntj seated 0" t^e fcvas=& oJ 
sis strongty acsdio properties arid <*as<a^ aaij tctffirf&tson. 

Rifemyeln S has the stnuehir® ©f Ih® fwwsia (1) 
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Rdamyurt B thte competent c: sh^ terms ntafcon <t*r^n barbturate ^ aditefl to she 
Sermer^son nedsu^ smvo? improves produce* mutants Sircptof^v^^s f g&fw&n^r ^r^ 
used 

The rifamvcin p-od^er strain wss o^nafly e*as$i5e<s as Stwgtcfpycss mgrfit&rr&n® (Seres 
^ a. . Farmaco E<S Sci rti»581 14, 1 46 147} Analyses of toe eel* wail o* Sivptoroyess 
,f!f u %rf3nsfn)y Tr^Ta^ si Ssie? T eve«iJe^ ihat Shis s&rdin h&?; a ei* 1 Syp*es* of 
N'Ofaftfos and t^c esram was reclassified as to^M miM«i?jr&fte> fireman &t al Aren 
VtCro-hiO {H^-SH 6? * 4? IS 4 ). Mccardi& mediicrr&rt&t has feesrt rfeol&ss fcsd agasn on the 
&a<sis of mote recast accural*: nio?t>hcj*o<gteat and bSochcnr '^a 1 o^er.a Da^sKs tN* exact 
corpp-zs^cwi ot ^he eel wall, t**e? absence ft mvcolic sad a^d trs snsens^ivitv to Noc&'&nz 
a*td ^froofoC-Xcu^ Jf^g«x. the- strair> has bi^-n rt&vg^sd it- tho new y&ius A'nycvlaiacsts 
AmywMop^ rt^wrmei ^&cmv&w & at lr* J Sy^ Bacterial. *<&S£rt 36.29} 

R^srrycirs have a otrcng am'fcsot'c aciwsy masniy against Oram-posstve bacteria sucn as 
mymfc^^na rei&sgnas and stap^y&otoec' The bacterids* eftect c* n^mycins denies 
ffoon specif,!? inhibition th* feaet^'ia 5 O&A eeps*rwr:* FIN A ?-o ym^tass which ifV^TkiOl* 
RNA fei^sv"! iW^hli aoc Staa-nsMin, BacienoE ftev 35, 29^-309} ThR 

semia#^^i£ jitatnysm B dem'a^ve rifampin {ntafripir^ *s widely used cimicaMy as 

rhe> n<6oht!,f*qimoid ansamYtiris cf t**e ■StfeptftvAr^n sxtl foivpfrtoyCin Qtcup ^now, We 
ri ! 3myvm, ar, antibacterial effect §y tnhi.t>ifsr>y barter FINA poiyrr^abe By Jtjnrjfast. 
napr^om^cir* has ar* antibact©^ nii^ci without nh^ing batter.aE RNA po&vrcerase Inc 



"■^v .-1 if k >,t nys. t ^ r ubnon ot^r^ F f v^ ix^vne-'^s^ ^i v tr e 
n^„ 0 ^\ v ^ ^ at v^v ttra< ait taster aJ a<» » *v if«s , O t* e atr-»r ^r s e 
•-D'^K'\^ M tf ^{| r «s f suPsta^ce^ h^* 3* N^a on eu*ar he celr TX 40 
o h *q i> -a* t<. fcvoa'trci r*' r «ro*v tK N hdvf P*es 4 N ^ n ^ 1 to getdr^ar vu<« 
C r t ''oiht.'- . rJ on ( tr*irt! ■* v int «ub *n a i ~ ertFC a a antiUT'Qt r fi^fiertin a*c 
o >v I'VuJ tM^t t 3v v t.arsne3 Sot? 1 amvi. n shf** rtiftt rno »r smi c - ^ mu I i iv v 
L/nr\3 ho' lj verv-atitn** " i » NnlOj>,of fl*f->. f n\4 , p\m to fir V i v^c,1\z 

J ^i>tium ^ ( ri^L - w c) ttht f a-^fcili tVHi 0 heMs *U^r\.rs U dtkt 
pi^ ti *■ < tvUMi ^ tj ^av w K cci*ai<^ ts \ Lomirpcn t e f ertl^ (G It ^ t al 
fcJoech"oL<vG "<Ls« lAf&io' voKk rr-rn* i J Ed CM?oKr Ne* * 
?31 «.** r« t » ki^'n a 1 a" <nvcirr r o r Db t\\ K ui> uov N rt*q rc^r 

4 <■ ! hy-j c°> A^ro-c a"ir i> =sr no fro^r I- b "T'ekuJe >w<f s rr££u-natl> g v t «- f e 
co^yn-c * E*> er x n- slip^a l b dqe s >nt*-e i y es b-v a n x * u ~ \~ r a s^K^e'ij 
yr* ten V*" e^t *r>£ b-^cq^ >\J trie pi C\ 0 of *N* ke <) ^rt\ p w^i<~h re i al\ 

frirrr>3 s.v trie - de-sat nn «,0>^o l*x N b\ t p>tv ^wmti?^ ► tn> 

twu np H to \ U dq^J t^r tt-^v^ ns *0 rordens3 + io^ ^teps <- vvit^ -c^t^ ! > fnj p 

ce-rr-iri^on', n1^ud^*t i v^tiat^* ^ + ^8*1 ta^K^ ^ o-^te ano puv O'i. ^ hi^-r 
s^j t ^e* *^cs -c^Jfc. ct rcet^^e arii ^oaiONa'* 1 r^orpovtio* to* tit >,af 
K^at^'^LA^p ace ^ --c O'vi- \o v»\th s <- ! u ^ ^\ h tt »oej*&. * ^ v ont c «! o* \p t v 
^ir^ j t 4 ^r^ o « ^.torioteps T^s-h on kC-t*^ f *■ '■ch&i^ t 

\ f t\^ n*! crs *"v>nt iMMfKx^c** i a xq c^s^ct wnh thoi ' ^e^-k, 
Uom she rtfarrsy^n stjucture, snto skle feta-rjc^as of the synth^^s fGh^sa^ba el a? , 
SsatechrKjiogv of Industrial Anhhict^s. VandaitiW £ & Ed, : Ds^K^r lr*o York. i\S%4) 

Because q\ i^eat ^ii-ijctural variety o? t^f? fff^fftycsos an<3 thyi* s.p£CtNe and irsi^f^s-^f-Q 
feiotei^i&a! there is g^^U i* s ?ere^S ir* urKferstafidi'vg the oe^^tic ba«^ t-? t^eir syr^he&i^ 

tn es-rcJ-er to asate E?>e &oss!b?lity ct specifics ^y influencing u This Is pa-liCularJy tiss?rabl« 
because, as explained a&?jve, sh^te mucn m &ommo« between the sy^th^is &i 
rifartiycins and iharof other ansamyesns. This sifnstai&y ifi biosynthesis, which probably 
derives from a eemmon evolutionary onqm of t^s?s rsieta^o^c pashwav, naturaily hss « 
■qenetie &&sis. 
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The gersg-ttc basis of secondary mstabolit^ baosyrsrhesis ssssmiaily qkls?s m ihe ^fcrtes 
v^ich code for this !no>vuiuSi1 blosy^t«$fec enzymes, anc m trie regulatory eisrruws ^hich 
control the exprsss^ors; of tho biosynthesss genes. The secondary metabo^te synthsss^ 
genes & aetmarriycelss have mtherrc bEer? foursd as clusters r_vf adjacem gena*, tn als the? 
&ya5«f«ris rm^Stsg-a&sd. Tns size of such StvtibtOhc gen« du5.te.rs extends -sro?^ abau 
10 kfcbases *'kt>> u» t» more man 100 kb. Ths* clusH&rs. oft#n eo^asn specif c regulator 
gen-ss and genes for rgs^ance of the producer organism in s-s own ar&ibiofcc {C^ate? Ctba 
Found Symp. {1992}, 1 ?i 1 44- 162) 

The invention described serein has now succeeded, ay idenbfymg and cloning genes cA 
rsfsmydr? biosynthesis in crsahng th# fj^nesie basis for $ynsh<?si£ir>g by genetic methods 
«Jamyc*n analogies, or novek ansarrrycins which comoins> s^uctwa^ etenw^fs from ttfamycsn 
with osha? ansarriyc^fis This SJSrs £rf?ate$ she- fe&s^S tor p-r&cnanrtg novfji soMecbons cf 
sfcbstanc&s based of* me ntefpyi. m bioayfithss'sss- rj*?fi§ olusspf by CLsmbirviioHai b-k>^y«th£Ss$ 

h wat pass*bte «n a Tir&S step to id«n% and ctow a DMA fiaorwri* frcm the genome fjf 
A medtfeir&n&f wht&rs s.hsj*£ homology wish known polykstides svnsnass gj*nes Alt&r 
obtasmn§ the sequence information from this QNA fragment which confirmed a typ<ea! 
sequence to? pocket kte synthases i* was possible Jo strewn a cosrmd library ot 
.A medtfensne/wi-n speeds DMA p-robos derived tram thus fragment *n a scre-er.tng program 
for further DNA frasmer*ts which are involved if? the nfamycin gene cluster As a result, th& 
ccrrraiete rttamycin DO«yKs$id& synthase £8^$ ciustor was identifies a*-.d subjected to 
ssqysfsce determinatfbr* (see S£Q IP HO 31 The gene cluster compress stx open reading 
francs, wnicfx a neferisd to hereinafter as ORP A, D £ arxl f ar>d whic's ocxia for the 
rro^ios and polypeptides d-eoictsfd iri SEQ ID NOS ^ tu $. 

Tbe geri£ cluster ssotats-d &svJ ch^acl**ri?e«1 -n rhfes way rsprssenta this bas^ fcjf «<anple, 
l^r tsfgessd optimszat*or of she production of s , ;1amycsn, s^sarrycins or analogues n>sr§o? 
Examples tec^n;qu^s and possible ataas at application a^aiiab^s in thss con^ectson are- 
as fOBOWS: 

* Overexpression of mcJi^Sxjal gene& in ptcducef strains vt-Sh plasmsd vector or by 
incarooration jnto the chromosorr.o 

* Sti^v of the expression snd rrsnsorspt^nat regulsi.oi g' trio g^-ne cluster during 
fermiantat:on mih vartOus pf DdisC*?* Str&sns and op4i^E5tio^ thereof through physioiogics; 
aasaflfiSster'S a?>0 appf«pri-3le f&rmentalton f-oncitffirss. 
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« IdenMftcafcar: q§ regulatory oe^es and o3 true DNA binding s>lt$?» of she crjfre&y-anoTsg 
regulatory proteins m fri$ ger*e cluster • Characterization ot £h& ef-fgct ci tbess f&gdatofy 
events on the production of nfamyons or anmmycms, arts snfJus^ong mem by specific 
mutation these ganes or Sne DNA binam-g sites. 

* Duplicate of the complete gerte duster or parts thereof m oroduce? strains. 

Besides fdes-e applications otthe §ena cluster \o improve production by ''errswstst'On as 
dssc* ibed above *! can ^e*is.e be employed 1o? ms biosynthsUt preparation of 
pfomycm an 3 looses o<" novel ari&amyem*; smsarrsycin ^ike compounds in whKP the 
atsphahc cndoe is eo^oeotf*^ at on'y one end to the ar^n^ne mxlasis Tno fo;!c*inc; 
{josssbsiitiifes. csme \n[o «>ft$kft?ratKjn here, for ei<am$&: 

* Inacfsvatson o? :r*dsvidu^ s$ep& in the tsiosynth^s, example by ctiscup^ors 

* ^utabon o* ?ndwd«a* steps tn the teosynthe^s. *or example by gew replacement 

- Use of t^e duster or trsg^n-e nt<s mereol as DNA probe in Cfder tc ssoiate otfw natural 
fTitcfoorganisms whrefc ps-od^ce metabolises -sjmilar to riaciyem or an^arnyoms 

* Exchange c? snd^victua? elements m t^is gene cluster by ttvos$ from other gsn>& austars., 

■ Use of m«dsf$ed pesSyketsde synibasaa for seeing ud Jib*anea of vanous rifamyoifi 
analogues or a^saroycms, which are iheo tested tor thetr aciMty /Jackie- & Khosis, 
Ch&mis&y & Ekitogy, (1995^ 2. 

* Cof^fa&tirjn mutated act-nomyi^ate-S. Sira^ from *hicb she natural rifamyoii or 
an§omyd.n RKj&yntbQBis oe^e cluster mirier- chromosome has been party o- ccmpsstsW- 
detet^d and car Ss*us be used to.* fcKprftssinq gerwrsbcaliy mod^se-d gene clusters. 

■ Exchangs ot tndrv*dii£3 elements mtfun tha gene cluster 

Detailed de sc-iptioft of l^..j.r>ve!StlaD 




The invention relate to a DNA fragment t?om toe genome of Arrycoia!opsts me^ttens-^e; 
Vih'ch comprises a DNA regies - * which is *nvolv«d directly er indirectly m the -^ere cesser 
fSspon^bte? tor ritamyftjn syntbsEns; and the aoiscant pNtA ragkms, and fonet^na! 
aoristftue-^ts. o- domains thereof, 

The ON A Ifagments a&^creinq to the 5nves^o?> may mo«eove*r co*Tt»ns.H- ^yuU'ory 
Sequences Sc^h i^s, premoiers^ repre^s^r *v a^t^^tor bi^dincj sstes>. fep r ef-$Os or j»ctiva'of 
genes, tfefmir*ai»rs; or stjuctural ger;a6 Li^ewi^e fmrt of ttis iriv-snt'Of, fir-r any comNnatJor J & 
of ihese DNA fragment wsth b«e aootner or wsth oth^t DMA fragments, tor example 
conizations of p^ofnoteus. reore&sor or activato? bioo^ng sites and^ar reo^esso? or acb^ar 
genes from ao arwamye^ g^ne ciustgr. in psrsicyla* from the r^amyesn gene cluster. WiJh 
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fc tf^r &t*i aen^ t r nbin Inns t bt'ucu a -^rcs. t'O'i y i ^n^ny*. qt'^e 
v. , ^ ,>~ allv f n? n\ r-y- fV ~^n^ tU " « i-h Vts t ro ~vt*rs ^~d -o-nb -iato^ 
st r u;k -^enps >»« ens anM^et wit* 1 "annpru w** c K rode ft,* r^^j-ri L t v 
jvt. dona nj 3 o frrnj «a cus ansanv "t ^rasy" ^e&es svs e^i^ F"criJ ^ru^iuf^ 
' e^sj) dni- tore- ■= 1 434? x e ^gmrnts ccd nt, 'o r e ^zyr^tsra y art ^ donv- ^ *oi 
e>a.n"le to p ol£ ns n^hyd J t biosynthesis o q o r "it.r anu 

^ f» ON A. * v grTWi* *» <>t " d ^'t'v Nr *^ re-My rv> Ut- ci s iN ~< <- s*t 

""■^px n*t ^ ( c r rtern,f- n svrth "sis 

3 he gS"e k, u&te u DN A t &cio 1 ql&c ted a&iAe c^<-*a -»- * * {^ N i>? p-.,> np^eik^v^-h 
-oc*€ to* the* i >cf vu ua ^'vnt- nvaivx? *■ i^e t *^v*n ^»sis ot t — i^ve v s,«:irt <n 

1 ^"t.am>cirb su£ h as ri*««rycn, !dt e anp f c s> nt u 

1 t~e rorrpk*c jCjLencc of th^ gc^e ^Lt> K t: ^^^^ T 1J NO .i vs. v <- lv 
fay^^-s v " v,np ^ v w lin u v^Mk t,oil^ *vr d tvv,'! ^i^t cr n 

t-^^r^ caK ac vt vicnam the *H)f £ ** s:^^ cjI^ l> p e e-ed ;»in3tH s iu iip^fml 
DKA ! f qnf N, s>*e tor*^*p«> rv^rt^sc^ H'tnf v^v^oM-p -oe^^ ^d 
polypett dep rted ( r k N P MOb 4 6 7 R ^n^ 9 K»ncbrnc ^ vati ^ 

cl^-^^ P Nfc ? ? pNf v > tK> ther-*'©*!* ?ut' r p-ete-ec 

'M^">t' < nt^ « ^ nix^^ k N n ^ 'hT •^qo^rx-' *^ t ^ ■ wt s f s 0 N \, r loq ^5 *h *nf 

NOS 1 ^ mI'u 1 -3 a 'd t erefu'-e Ldn Lc? tscd ^b r 'dsZ^ii 1 oruoi *! h o Q^n-i » , 

bmk of an aosamy^n-, in partfeuiiar, nfemyslR-pr^dtic'ifsg Ofganssm fer finding s&nsiitytats 
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oi im mrtmp-mdi'mq q»m cluster, The DN.A fragment may mmmvm, for -sxampte, 
compnse 4?<cius> vfely y-eftOi m; D^A A psa^cula^y pfeterrad DMA ff»grrn?«? s^ie whu~h 
comprises 5hf> m^eatsut* sequence depicted n SEQ tO NO 1 Of 3, or pan al Sequences 
thereof w^ic*\ oy reason ^cncogies, can be regarded as? strwciurai or ■h.nc^oria? 
sauivalerrt to sa*d sequs?K& o« partial sequence tfierafrcm. anc whsch therefore a r s> sfcte to 
fcyta-radiiz» Ms sequserac*?, 

Ths DISJA fragments aocordin^ to the invention tomE^se, fcr example sequence portions 
wfuch cyrripf^ts -homology ml? 5he a boy** -described snsjirnas ^r^ys^a domains or 

The 38?*t$ hi-ffuloyi^ yi*rf s'ructsjtra* and'or kmctonal equ^alestb r&Vr< ^ms^j&v DfJA 
©no affsi^o acid saqu?.--tce'« wttb f€>w or msn*mal d^ters^cos fcetwecr! Jftp teU-,va^t 
seq»J6«ces These ehfterew^s may have- very diverse cauisss. Thi^. to* 1 example, this may 
«!ftas- rrusatrors o* st?am specie clarences v»^ic^ occ^r naturally or are an'^esal&Y n^uced. 
Of ins* di^er^nc^s c^se^d trw th# ^n-tsal s®qs;encs sr<p csnv*?d from 3 l«at gs&a-d 
m-xl&otW!, wise h ran be intrcwsuoesl frs* e^npte' cj^rir-g s c^mfc&l sy?*th<2s>s 

FuneKral dsf^ren^es car* be re$stcK*d as rr*im«i® if, tor example, t-ta nuc^es^a s^^ks 
ood^p ts>f 3 perlypechde, a prate « sequence rsas essentially the sa*r*e sziwacte^svc 
pfcu^rti^s as. t->? initias ■seau^nr.f wheth&r i*t ?©st>ee: enzyrratit activ H'. imrouftoloqfca' 
reactivity or >n th? case of s r^rc^of^e s^q^encf gene mutation 

S^ui-t^rsji <S^fWK#s c«*n tx* regjfdtscJ as tTMh^ma as k s .^y a,* s^e-trs* 1$ a SigMVant yvs-rJap 
or s/rmsanty between the var-a*.$ sequer-ess, or Uiey have a: s&as; s miter ohy^ital 
properties. The latter tot&uae, fc sxsmpse, the eSecr>Oipi-<re?i:- rrwfo^ity Sh* ornate a rapnic 
^ n ^"tiPi. er^afc^ t. rid 4 *' <nr ! s <,i.^ rt-T^hofcrict ic p T open>s^ 

th<> ca&e ot n^ci^otid^ sequences, ine agr^^^nt ^*Wk'lo see .j1 *o-a?t t-Lt pro^fap y 
80% anc v^jy Daticdarry prefesat.^ y ^0*% or 0^3;©, In the case of t^a am aci^j e.eqiir?nc*?. 
t* v ^ eoff^&pcsndmg tigyra^ ate at ^eas: Sfl%, tx*; preferably 63^1 ^^d D«rti. v u as y p^tt^-abiy 
T0% giC% aqr^rnem is, verv p^.tsviitsrlv r r^f ^rrf^d 
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ime^ tutt^n ^ , teb. v> ^ i ^th> d + ci db^fym^ \k 1^1 *■ o^u ^ s, t> of 

*r*> s;jH_nts ^s^r^c v*jv« A s>*ofi> t* 1 r^^oct t ^mp'Soes * re ar^f l^* 

a) senna uq o? s oeoomsc gams btsnk, 

^ * rr**\ ^ Hk x,* n<? N^k wit n^es * s-tan^ o>< the L'M s^ue^cs^ a *<v 1 \j t« 
k ok *-o * r + the» rlo^es >,^t ttec ^as pes * v-e 

^t^Ji^W^fi kit H ^'i ^ ONA nt? tb sn^Ktd ir t o i ^, t'^'Jd'^'k^ 
ei r-ot to- 1 * p\a^p!« *t e ^bv* ~q Sibps 

i-ves gs*«c t>> S-J^th* 5 ^ exp^r *rv^ wi'* enoscn il t nf ^ s nra m " v e s ze ./ 
&u " h nt.cwi. DNA *r ^ can fce detc ntreo hy a o p. ifg t # DM a h ^ 

5 k iU* If- rw*« tt jr*f - i ^v^t^ 

Di ^rnJLr if n ^ i <i ui-ssr,. n kA tv V'i^ x cj th> Oic^s^d c*' - 

t-<3tj">c» llf r^o T ni^ idiv cloroo o' tli j g+,"i. bi^- tfVf ^ v o^st ' f 

* ^ OOv Air Oitf jO-Uh" iJi? a-yt ihs-s^ -'h eb-d, .j J s 0 t it? 'venl^i QV 1-^ a t 

r *■ imi ^c^ra l> p^> c n ir t -is 1 o th c ho^ oc;v 
Anauysss -at thte csoned reason 

-^PtSvi^tt j k. tut ^lU^J ?a<.v i- r ljoa ft ' u <s*n o \ t J ^ k^y^ 

o* . 15 led tr^ot tv wt ^ ^ ari>thp 

DMA fr&gme^i probft <i Kan demenstrsted thai th* dor^d trsgrrvG^s ^ n^ gSr:^ 
chitc^^oson.iji DNA fs^Qr^=*;r^. fs'O-m l^e original mscroorganisrTi. 

5ragm«*nt with c^roj^oso^ai ON A §fam otner $^samycm prodixer^ i>5rep5ovarsc!n, 
Jo;yoomyc'ii> □e^aanamydn, asisamslocs^]!. T^s. v^ou'd cors^rm 3ha? c toned DNA 
{ypseaf ge^ clusters of aTsamycin bio^ynthosts ar.d thus, xits^ of n?afr^c.;n 
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^s* ^ a^d c*nra~te^zai o*i * -»d eon QNA <eqtons 

C t-mriKt on o* a c^t 3 cjcne i\ nk won *h© ongira rnicfcof^a- s-i ana ys>3 
with, this wutmttL 

1 1 ^ ^en*.s at - bv test ictio' 1? t^^b. t^at in* so atsd cg-sti d clow > Ouir*y 1*.^ . JMA 
♦oa cn c f tie- c sji^a T * *n-r£K n vhici dots w>* t^e iw n sr-* 

^s-s.* ^ t V att.iv„ Shu * it it— f m ** - ofai cn at t u DMA '-agmt^s a a ng ■ ♦ v 

s*?p'^ s ze + he rec* jrvsnvc n esocria' y * Hrrye n 

Cp^qt.^ DN\ ^ r br> iM-i >V *to ,N a rc^t cqant^T in k\ 'iC 11 , < w^k -or .xint'e ^ 
fx\ at ton t 0^ "i" nuclr.r facl *>n ^n<s pi-i- rc\mr of ne e^* ac*id DKtK k*>c*\*n 

Tnc 'm^i.vU-'n ^1 h - tie *c sattim up r> rpp^eite'i.e 00 ^ * 
o^rvfrr DN<\ .o ne ci^n^d "»o ^1 * V T N i a ^ onr ^ \er"i.r c * 

Syitatste timing vectors, wliicti sr& Mtm&y in mutm® use for producing geri^ic gtne 
^p^f^N^g. cfr- ,v r>tvi'S^ tc*~ scampi??, ccsmisS vpr^^rsr p^asmia vector o* phsg^ vectc^ 

f^qy ret) gsnei^ o? ger^ fragrsrtis) tem the ge? 1 ^ ^ibranes prccluc^ *n th;s> wav 

One pos5»&i^;v fo? i^entrysrcj m« ^^^d DMA region consists to^ evstip e, us?^u t^e 
9&ne oitnli d^CDFd above hanik-fm stta'ns which teeaus* c,< n :>lc-&K&c ( *vn c 
fsiit^w^v- on^bi* to t^tsucr ?nsarnycini. a?>d ^K^ttfyir^ t^oro c^-cf^ v¥hi;n d r e ^g?l^ 
aOk attsst *he ira-i^lc-rnattors to proci-jce ^P^n^yc s> ff^rt^nti.} Thp vfi^Jo^ wtKf* 3p-ac! tft 
r^veJtait^ ^omo-^fe a DMA fra wh^U >p. required in snsdfnyc." syn^es*s- 
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AnsJh^r co.*?sit)-htv fo* K^nMy^ the reared DN! \ r&gfo-- ? ha?e?S «cr r>*^ri5 ^ or b5*ny 
>U^K<? caobf rnipc^iss ^DNA p?vbe) vwhid abi3*.n£<* to ^^s't^'f <as d^rnta^c rJjqv^ 
Vmaojs standard <reth^ds are avd lably *at *ete" tbV'S wtftb^ c^es such as atsfsrcnttss 
tctforv nyt>fKt^S cv pMQU*? hjfor idiza;^.. 

H s r K c V! e *o „ f s t d) rv>* ;ue^ p^v ouslv soared CNA fraq^nt ! «. rr ^ m^c 
psfLi'ir lv t- , tec* ■se'ri^ or jene t u^-e* w.hi^ i>c3as <J r ne boifto rqiei resent " 
sb*L *o J ^ w i* f e ^powi^y * squeak ^s~ + )on with i ! ft f>\u ^ k r qen^ 
c \> be dfT iit'Bt ^e^ab- v u*>e<2 e * pfi\r to ^cu ^4 parrx^ o 4 u-tfsent 
^0 * t CMA f aon* 1 , «.b*s table ♦< ^ & ae k * . .>SA %t® e^cz ti\o sc= r t <>- 

,* t ^ nj* oo*k}0 u^u4 ni 4* 1 * ths gene to N* so < t s or rt te&**t r<s c t K 3 jp qae ce -s 

in*!-"" 1 ' { ^ *\a f x u v ^s»¥lsl ti^ir f } s»v^thOvizBJ D-W ot^it. t> » hybndizi^iLr *> ci PCP 

ampil&sestsons.. 

r U H e< ^ *ac I te*e ^cts^ctih iU o thr raq* r d or Or its- ^ pq> \r& i q«= T p nn-e 

f '(of Dr^A firr^ n*^ lt<- csscr bu« jbj> t? ah^ll«*(:t ^ ith ^ v^M^r « irt?Sf 

^^toi j hr r^n'mn v i^v tH N - phi 1 ? point ^ «r2yrre»l^«i 5> $cl ^ ^ur v as 

^nzj, , Hz,'ne ^ =*r\ rr>c-* ^ ^nc* ^"i^rno m ^io r ? f ii v t VNN mo p * »i r^s r 
srd lun nt scent ais^ts rcTopho^^. a T 11 a^^^ *\>pt^ Iv itn<is, H T " o^U 

r>rrf>(i ^ x *cr ex^*rp * u ro von TrfK ^ ^fOTophorej r^aio'ssfope^ c un^ect^o' 

rn T ^?\Tes tnh< N *o - Mate ^ ? of t^es"* t^n-t s t -\ t 'rearv w^e < ^spq r part ou s ? 
f r.iv.rv^v^J'V 1 i 1 cino<» * i*Kt 1^ s*v n tnr p €»s^n + ^rp < r v o r 

Gi? H 0 rb,**"cxJ^ dti hj ui D^i^ 1 n K* d zatiun a e "^^ono^ct k r O:\-inok by Md rt Ns ! 1 + v! 1 * 
5 ? „ oc^la? C 0 v q v c'd bp r q ha-bb L dbo*3tn \ *-re^ 
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Tiio&$ cJws^s ws^in the preao^sty dftsc«»&d g^ne. isbraries wft\ch are able to h$?bF : d32«* 
a prote mortis- and whish ears fens itientdi^d fey one o1 i^a abovene^sionea <tetecbor* 
methods can X*\m b-z I^Jlhe? anstyssd H Oftter to determine lbs extent mii n&Mte ot me 
coding; s#q»rK;© iteMl 

Ar 1 1 e \itt<A WJi ^ f rt ' ^n* % c ^ner t^* t& t^u^d on t^r ** r u>; , i \ d ig ^ y 
ro< *ict ot ^ rsrr <-* e*p>f* or »*.t-*tK 7> ^ laiK j w o ^ k ' ^ H^tXK 
dt'LT'tsp- 1 w n^s'v >t y% r 3N A co "ck srre. *" ; 3qc r*.d b<^ o v -<l v ^tA ter 
t "dti "v.rnedrt^rs to 4* $H * l n d s>xv)»fc, 11 *t.c;*or Tti_Qti^ i .o o t)fA> fl c n 

w of * sijHii .is na-r* ^^,1 ^^fjer^d 

c t*-v^p^ *■ b e >v ! N t ot rtt, ru^hods tbccaiinv*- oi j\j.*c q-L^t, ~e vr-l 
qeie^i a f >e-« c i-^r «u * t,t« ( c one er r->?e pa^ic-la' pioduo*5 

\r'jv thi. s?^'-' aKn ONA te^c-as pL r f 6l and he i fd n t^r canine «■ 
Gi.sc b* ^ vitK,s % ^ tj c~b i ~ t Ori>"»".iiN *n * o N , ^*q** \+ ihilyM*> 

F-tr <\ i e Sf Iun !> i€D ^vcls » oOLterDMA'rd.t^'o.. ^ ttr" T Qr'&ntiud ^si 1 "^ 

var^^ 1 - dite -dt ^5 >vkt>*fo f - rlys? ^ te^n^ V,A'>' g rt" t i> f^\ ( oi * 
^\ o fr ^>arar ^NtOO^Mn ccrp^cne ^'^^ ^ *rt * rvz^tz w ci* c 1 v 'uhi >nt 

^ ■. r al>'n,M vr t 4 >pf o 4 JOf\^ f»b*a nec « t-v^ " y cfr-c^sb % Trs^stf r 
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$r \he genome resuHs i« integration of sasd homologous DNA sectrb-ns? vsa homosoeous 
rfcsombrnattDn If, as n the present case the homob^oiss DMA sac? <r a fsgion w<;h^ an 
oss-n reading hams o* she gene caster, pSa^mid integration ressirts m m&ciwahor. ofihi% 
gene by so caiiss* gene JSis^ptsor! and. conjj&qu&ntly in an *ru*-rrupticn m •s.ecc'^Cfary 
ms&sboM-e production "t m a^Siisr^-d acr i>rd^Q to ouster! knov»lie<sge *hai y. I^roloocua 
rcpior w^rcn comprises at less- MHS bp, bus ps&terat% swre lhan 1000 bp, * sothc^nt to 
Dn^g aoout the rgjsu&r&d recombination «v®«t 

Movwe^t. a ho'^ogfj'js r^ifon wtvch extendi, over j rang* -jf r'tjm 0 3 to 4 kb but ^ 
pa^ic^ier ever a ra^go of + rorn 1 to 3 kb. ts Brs*&rr«d 

To Dfepam suitabss plssiyisds wbioh have su^c^s r^n^iogy few mtegrat'on via n&rooiocjous 
"sco^ib?^atsc^ th&?e is pf^fcrabsy proviso «f & s«bda«!n$ step ^ whscn *hf? p^vsausiy 
isotol&d DMA s$ d*pes§C\l &*>d fraq merits of ^.^ao^ size a*« isol&tea a^n subsequent 'y 
rttjne-J No a suitable slasr^d. E>arap?8!^ of s^^bl** pMJsn-«td< 5 rire ;tte ofasnvds s-Mi^ally 
used for genets man^ulatiO^ if* sft^ptonyc^ts-s. o-r £ i,tk 

n 1 5 poss*bte in prwsote tc use tef She? pN?par§tic« ski rnvsiphtabcn cf t^e pr<* ^ns*v 
d^scrifced iwisrriids afl convert? csomrjg vectors s^-h as csasmscs o.' bacienochEsge 
'ectc S as icng o*. shs?y haxs;< r^riiocsK:* 1 a«d eorMkV ^q^^oe^ derived ttor\ StfSOie? 

The c^oninq vector usujaiiy has sn cr^ir of '©piscation ulus specific g^es which ?esi^r r 
ph&nciypica! ^at^res i ^ Sh«* K^n^fme^ m p^iiculRf resistances ?o 

art mot The ^an^ormsQ vectors can p* $«^c*e<s on t^c* bas.»s ? s i&xe p^rnotvr-ire 

Ssfe&tab's s>*ienolyoics! marker's which can be usea ^or the pi^pase inventor 
c-enpnse tcr evsrr.ple, without ib=5 re£>rese*nbrg a I ^ ta^ion oi ;h§ ^^ecrs-maitsf of me 
rnvemon. rss.^u^x^N i^ios rf^of* arr^cisin, Se?^«vc*tf^ cmoramp^ er^coi r^gfo^yci". 

emmpfes prolo^©phy far partksu^? amiirici adds* 



-13- 



Matrily prgt®ti$(l lot t^? purpose of me srese^-t tnvonfSvn art* ^tfepccsfr^ceies and E csl: 
pjasm<d§, W <*fcam$>*s thy {Ja&m-ds «&ed to? tht pwp^se ^ thfe p-'^t^t i^t^Uon 

Mas? cei- ! s primarily susrsbte to? tm prevtousfy described clonmp fe? the £^p«se of trtss 
nv<?nti?i ar^ pro&aryote-s, ncludwg Oactens? hosts such as sSrejrtofnvostss aeiino-nycetes, 

«r coA to£*s 3*8 purt'sciafly p*<Meir?£d 3or etamp^ths £. coAs^iain HS1G1 or X-i t>i'je 
MR*:SUataoe«^ or streptomyce? ruch me p!asmi3-f«-ee stains of Streoiom^ces iivitf&ns 
Jim ma 1K24, 

Competent mM ef IH© E soSsfeasji; MEldl &m pm&ucM by is© mmtho4s mrmsWy mm for 
trar&fetfvrvncj F co<> The iransfo?ma?iGn method of Hspwoati «> f <a? {Genetic ma:vpu*ation of 
strpptornytss a moratory rosriuai Thg Jonr 'fines Founds: ^on Mowe^ MSBS)' ^ normally 
usee for $t"6KJtWi¥e#5, 

A1:er trans fsfmato?* and subsequent snoubatson on £ suitable m^dfii^r:. the- r^s^'t^g 
oelo^&s ste Siibjectsc to a dsitere^al scnaefitag bv plating out or* selective media h la then 
oos^b ?> 50 assists the appropriate piasnna DNA t f orr those cclorwas w^ich con-^p? i&s 
psa^mie^ with DMA fr^gmesits cloned rs 

T*.e DMA ffaarriem atcord.fig to mo invasion, whkh ccmnpr>$.<* a DMA rs^cfi wt-icn is 
<nvalv^d d-f^c^y o f mdinsaJy m ti*e feasynthesss at ansarnyon tarsd can be cjbt<s**t@d m t^e 
prsvio^s'v described manner *«>"t> the ansarny-cin hosynthes.sK gen* duste-, oan atso oe 
used as starter cbne for sdenJifying ano isosst^g ^ther adjacent DNA regions overlapping 
trw^wgh fiarp t»&ij raos crusts'. 

Th\S can bs achieved, is* ex&mote. by &af?y^>g o»;S a ■sft-oahtd chc\>m<*scrciF *>ai*u«g wjtni^ 
a gs-rse hor^y csr S'SJwg ot O^A fcagmens* v*ith mutual y ovcrlapp-ng DNA reasons, using 
tn~ p^Msusiv isolates D^A fcagment or :« particular me seaiwces ^ocaiec a! --t% 5' 
§.ru3 ^ f?iargsn^ Tr~e pw^tn^s for c.?>ta^c*o^e walkinci k'^own to to^ r^fson fe^S'lso ?^ 
?\'$ ml Detaus can Oe fcufd. { cr ^Aamcle tn Ih? pub^Ka^cm? ty Smirn n-t &f {lA&ii-.aas, 
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Enryrol M987). 151, 46 1 489} and Wahi ef a/ (Prc*r Natu Acad Sci, USA MSB?). 84. 

The- prerequisite to? chromosome w&W?^ the pt$$<*nci* of clones having ushered DNA 
iragm^nts. whets are as Song as poasi&se and TOutualSy ovsrlap w^st^n a gene library, and a 
suitable ■starter etena whscn composes s fragment which es. located in toe vicinity os &lse, 
preferably, wsihin the ragman to be analysed the e*aGi location of the start©* do^e is 
uniwri tr*e walking is preferably carried o^t In both dif^orss 

The achM 1 wa&rsg step starts? by u&mg the idsrtfs&ed ana isolated starter done as prfcbe (n 
one ol She. pravioisssy despised hyfehfJi^stsQ^ reasons m ofcter to detest aasac^nf clones 
which have regions overlapping wto the staler don©. It *& pm&ioi*! py hybnsizatfan analysis 
to astabfeh wh^oh fragment prps&ets farthest ove? the ^verlappmo j$gs>Q4v This is ih&n tj§^d 
a£ sorting clone for toe. 2nd waging St*p. in which cas>5 Share j$ OGl&b&Shfnfcfti df lh*? 
haginwt which ove^aps with s.a*d 2nd clone *n toe. tf&mP direction Continuous progression 
in this marmsr on the chforposeme fee^ts m a cosiecfcem of overlapping clones whsch 
cover a large Dr^A region These, can ther>. where appropnats after one more sisbdonmg 
steps, be hgafed togesner by fciown rosSrjods to gtve a tragic erel wrach cornpnses parts or 
stes, proferahly all o1 th« constituents essenSsa* for ans&fnyem kiosyftihesrs. 

TN? hytwid^a^cn rsatfior? 5o e^tafchsh s-jrones* wftih ov^tep^n^ marg^a* s*giof>* pr*^r<?.L-ly 
makes use not oi the very large ano unwseioy eqrrpla^ fragment fcu*. & >:s place, a pam-ai 
tr&gmenl fram the leh or right marginal region, wtnch can be oPtesm*d by s sybc&snmg step, 
Becsuse of toe smal ! *r ssrd part:?U fragment, the hybridization ?eaci=on fesdis in 

fewer positive hybrkMat.>e>n signals., so tnat toe analyses! effort b ds&tiftcsly se^s toan on use 
gS the compete fragment ti is turthf,-rrn*>se s^i&^pla \o characters th« partes fragment a\ 
de*ai! in otd&f to preclude its comprising serges &mou«:s o* rtspeJlwK ^^ams^cm^, which rnaj 
0® disiriputed o^'^t tne enNe gencme and thus would gj^at^y ^ma«»d^ a ta*Qer«*«s s^qu^nee 
ef walking; s!«ps,- 

S i i^e in- o)^ 1 k \^v f "so % s. n ''jf :*>«irT» in femw^'h* s - 1 1 vl** a r« ^ o<? 
sg'on o t^f Q^nO' v ie it r-ay a b^ savantsqenu' 1 k Cwy ^u* d ^ i-a cd k^rqi, ^.te^ 
a&*'^£*"''i^ v Hd vatkir^ I* s ^'■v, il bti > -■n 'hcit- Ci? r ^ u^rnvj co^r- ^l.'o o i ^ 
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u ^ f* r> * d rr,> i* «r ncnKQteS ' r*n ;l O^A n ^ a*" ?t A * n th"* °i i? ft 
*he ON * v iffit ' ^ < i* t « srdf U >,U 'JO kv k> "jJb'.aCiUL ! * KJ ft a y 

Tf> TAA «* ct * J j. "^n^nii^Ts viw ?n K *er to * t o\>* t,~tfonk<.k-r»M 

^^ C v, ^ <- | r<klt n - | ~rPp.n '^Ut nd ' v Lrn"t ^ ro f»c t *p * * ^, t i^Trr 
^.01 <v * " ► ♦»-* M !5L iiixa n U *j k >m„ t h t sKi r^\u t r,->Vr m <- 
ilt ckir_ wt*"h< 'u I hend' dial r git A»U r hp * *l* or t -iir i * i 
w » » f " J uin be i ra ^e-d an m * oct 'leUJc *hrr 

^nf rs''s o* * it^* TiCtpof anr >. ~ «Mac.l: i f ner pre ) 

- ^q.ri^> t ti> * t >. -3<rd«f* r t * ^ iitabk r t N o * \*.ntcnh t 
«. -f- o' In* i *W) n * 42 kl W |L ► ft t o ^ KP *i 40 kt 

- tart. >h ^ th f jno <K.n d rt tr P^ s >x ^ at& e< Vhum d 

L n 't * ■> j A k t! i ^ ^"r ( \ iiv. L^rK^yvt' lie i r w i h > 
-^■s*^ tnr-*'s *c o d *n h«- ti indcfUi i- iq ^ U N KA tin 

fj * i>r n <*u f ^ o^^ k )* «it--v i ^fer^ *; 'r^'ipvDh ti c p r <se±_|* *^ 

lh^<fe.%» It ^.h^^t pan k ^ * fni tak « i' \U1rthf ho n >. t^A l 
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complernentarian tosss Of gene disruption or the function thereof m other organisms) 10 
comprise D'-<A req-QKs fcom the 'snsaroyCin duster' 

A ^$s^ s <t which comprise «n edd^so^a; ftsgmsm &i t^e ?^q^ired size or has d*ws 
ktertfs^d mi me basis of hy^ns^&tsons can men bs »sotetfcd irom tfce cj&i to me previously 
described manner The tden^ly of t^is additional fragment with requ^ed fraqroem of rfe 
previously seeded cosmic* csn tHen be confirmed by Southern tracker and hyDrlds^ion. 

Function ana3ys*s of th« DNA tragfne^Ss isolated m t^s way e;$n fo? carried ogt in ft ^erse 
d«5.ruot*o« ©*pgssrru*nt as djesiTiiwf above? 

Another posses use of the DNA fragments acccrdsnc to the invention 15 to modify 
ma^iva^ ^f^v^s?: ar domains involved In an&amycjn and, in particular nlamycin 
bluiSyMhSSiS, k.r to synfr:e&ix« oltgoFturJeohdes which are %h^n m turn ussd for Ending 
hsmosogous seauer&ss sn PCR ftmotrfication. 

^eo d""! *^is, DMA* ag le^ti acc"^" fu tr- '» e r &r 1 r »• s u i r 1 m iwattin- nf- 
irs + v K ^ v"» Jut in j "I'^n^t ^ r t, i^vt- " f \ oq ^ >t p<-e. jr*r*~ t r ► c* ?r> 1 * 'he 
h cs* n-n-di si c o wii^rfT ,<* ^ e r 0* rTfic\* £^r* rt k vmdea i, *h 

e^fkJ f j. c * , jien\ l *ru<Cf r vmh 1 k s <. p f^ati^ b dqn mi «>fx*0 crrsr., 
to the aromtttc nucleus.. 

T v. CM * ffaqi'i^ 1% a^ccrd ^ 5 tr *ht n^'te.^'n' « * kx^r^p *-y ^orain^i ;n *v K 

A f'r* ^e-h trrT i iif- r <jn> 1 h^I'ta^v* or h v |r. 3c u ^ n - n t, c ^| ^ j i^-e^ 
r-r£^- Mth^N.n n »p *vt ftu^re-l ^ v ^ ikv 1 * v^ 1 *n^T^ir^ m > f o 
* 13. vV ? 1h„ ^ p°i s ^rv t r *r •» o r f ^nrf i 1 ^ An o \5 sa h tjo»0(' v * ? v 

v h>- « \« r k t^e ot,*t ♦oi<a ! Oi ,,f, i N t. ^ 'he. PNA t w^t^ ^ :cc *c 11 
r »r 0 1 * rr -[< t%r itf$^"--.<t vr" * r* *v y int n-tVir?! I >o* *, r.- 

r- y *r* » n K^to 1* li j t * n«-" xit f. ^ ^ .t^^^Vrn*! i^f* j^^t- * 1 » t r^inan^ 

rii ai 'yt ^i^t j ' ■» ^* ^ fO f-x^n k V tPiMi^nn^iPii hinf 1 

1 f 1* th ,Wrt> l p -ulw i.n r^«*L ^- v v.s«f * f * o ^ i^ra s xw-^td&^ fo* 

-vuli- t-*-* J fr>cu ^ f r Nfdiiv th ^ ^Io^vjC f-e' r K vie-*- c*K*"v K 



-17- 



actsv^y of tm cnmpeitncis proauc&ci ia ifns wa% T>if steps -xs-^SMty for th^ on* gsft&r^ly 
^own ana a*s describes fer example i>* TsEjs and Kn-oi^s, Gr^rn^y & B'^cqy (I9s*5k Z 

ass-sea m$ wosm&Bm. 

rjesrde^ fr 5 ? 'OfvA **?g"re* * as h ^Iso cti TPd * its i^e the Q^ri^lk c "SSrurt **n p* 
mur>t * J c iJ t (Tn^etT'S vr& n». < ^ir a^nh Tnr ^dtwl rifa tvci^ ^ ansdrtv r bios/ «s 3 
aos eluo^s n t>ie * '■(On ■> jtj>, i e>- n Qarli,* cr UimtleHy ^ Jt te3 m< fth ^jri thus 
L-sj lsei 1 tc- e^pf*- 4 -:; i o^"€ cailv ru^s 1 ^^dn\( * * ivc t)^>**V*i qr e 

-j Hl ^ -,i n - i r he ft T k <h a + > ^ tr -< h.rr " <• c-* whKh c m ri B «** ^ l* v -o^ OKA 
t i^ii- nt ac(_o j?'n„ "0 MK 'ir H t i fo mtsgIc . *. f o ->o\ r >. v> " * 

-c> t , t ^r*?-o v """^hvb c v^c^>* .ot^ s^fe or < \ < *. sxc^ss ; sss\>- v.bc 1 - 
corrsr'ses > tA* tra^ ? « t 3tca n % g to rw-** Of - ch i <*b ^ t e pr&ob *ws o mo * 
-^rote ^ r m;\ d '^ar^-rivcnb^vn.hebS^H oMci'a - n*>n cm b «$y -N^is o s 

v'^ntr p ^ ?b^hcsU s v si-!in^""t <" " r s -e c q? -^^ -^Jv Kr.ri^n 

tt <iki t ^ v-ft/ \t?Lhvit lfcf v> V^O- <; I t ^ ^ at U , * TUoO . J »t k If * l ' S 

a -lion 1 1 -"nth c roiro* 0 t *> of ^ v rq, > 
T> usi.* j hcAij^ tp ^it* 1 ^ \> p iy lIh *■ ^n;tiS£ 1 10 Z'r** fr^q Vi^ s 

*nv. f o ^er ^ rec s, cr >nj ts tlv rn nr^ ^5=1 1 y* xt Vs 3 ard^> r civ constitjs^ & th^'cu' 
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^ h* ive^t on fjr'^s^nore v ^k N ies tc a ^ *^ *t ^ k. 1 -, s n p*nre oo^pris^ ., DN^* grne T ' ,! 
^cor^'nq tr e i HOn*u< a'-a'n'^v'.f '\ nfaduiV *« t»m'tyr^ DMA 
' 'Wrti if 'f> xt N d i ** N <? b o >vr irb- > r . --crw h r- 

r eUtaif. ur^no jkKH, fegn . rn h v rid *k tor 1 t>NA b'V.'V to «r < f nte 

r*fM er^eof "iv cn to f i »Uk^ i no vine- at 5 ~£ v n t i • SSC (1 

va^nsra 5 r^c^ij?ar genetic sech^sqwe:: s^cH as DNA stsiatson and p^rsficatson, r^st^c^n 
diction of DNA, aga*0$$ ge«J s<teot*^pl"iOtf«i? of DNA, iig^t^n nrstrrctiDn f-a^ant^, 
c^ttiv^non cmd Ira^forrRation stf E co?.', slasmid liolasicn from E CO',, ,3r«> earned OUt <sa 
tse*i&r«b£fJ w* tearvatiS e! a?.. Itfisiocuiar Oosnn§. a sabot $&*y manual Edit Crkf S^rng 

Gesture eoftcH^rts a«d rnole&^aj gen^Jss techniques wst^ 4 me^ite/ra^ and other 
^ct'V?ijff^c#ies are as vtesc bsci by Koowooci s-J .G^twuc iria^ipuiatior? of sireoicmyees a 
Moratory n^anusi, The John ktnes Fojftdatson. Norwich- t&8bi AM IsquiO &y turss of 
A tftedft&rrmei&rtt other aetirmmycei&s m% ttsrn^i o-.;$ >n E'.enmeva-' flssKs at 2£rC an 3 
shaker at 250 tpm, 

LB Maniatis et al., McleCu^a* Oozing A labe Story manual, ts* L&S G*AJ Sp*snj Na«fcO: 
Uixratt?*y Pres^, C^lI Spring Hssbcr MY fj9&fi} 

NlU8Sc.hupp * D,vfef& FEMS M^otwologv UH 36, 159-16? <;1&36^ (NL148 * NL1*S<3 
R2YE Hcp^ocd pf ai. (G^nebc rr>ampyiaUon of sireptomyces a laboratory fsi^rms' !te 



24 g/j Bacso ysast &«ract 

■^tyi ?gy v* >th £»o v k*?* * L ^thas r q&r ife» f 0,1" §4<Q* tr 14 

,- *_8G« SM"-^ <\,il«*rtr zi * rol a « k 15 .dtsu 1 JJLMS rrfjuivj *S t-cu § 1 r 

tnev^* ff<. * <■ Tl 'K t J\> t- « 1 > v 'or ^8 n cefe ar»r f e i a* d tic-* *h 
«s? lp r>v ^ vnti. -in ^ 3C0G « f ^ rr "s a * v s^.l n " i a* St"* tM 

N^ 1 ^EsDlA S\ ^'T ^ sr 5 HLh'K^VM ^ ^ DMA t otf ov *n 

'do' °t j ..< h and <i\ r t e -cc ^e^e„< ^ 1W „^ 

h erix trde*cct bx a * f b^ f r<S viaua' tr-^w^ ft* rJvH<A ^gcf's (t^i 
DMA vt ich H^*p ^ru. c» th O'lvke^tde s^nf.^ tt 1 o-* is<* , a ^< t ^ HNA or^t is 
p ri-D ir^i. hi 5 * kpcw po \ k«1 If r V ► nr rdjs^c "* c d ■ t 'h<? *^ i I r * >^ i? tx 
3 8 *ln - ze b (hO^Kl 4 rt Si * cctn o-i ^3 t oMk ^ 1 ^ 8 * 'ScK pp s* t. j uf bd tend 

C ^„ ^fiL t'-i-d 1 ^') ,N ayi i. "*a Aft" n irt t^kt Of " nV ^.cti'n^ 

Lo^lctp * c ^e^s; * r feat tc ""^ enzy-ie f * I Ikhrir ft. Mjn" v u<-V "d 
ip r qrreiL , >*r^ct^r Llor- ,'v)ff f !: r i -en blc \ t*- f ~ 

\1e t k tiK *■ OT Wit I t PfiA M 1 l»?^d 1 3Jn * ^ ^0 ^ Ol thfr Odi S > ' !ts ^ 

,.1 Ct.s lea ^K^cf re ^vi'Pi ^ ■„ id rtu i<- cvd veri i ^-^^rt-^ l* p- *>--t *V 
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Tht;< £ fv 1 ^ jJC^'t^'p sRleotiO^ vt^tcr piJ^Al {CSertvative ot pU588, fwsfc.tr & Melton, Gan-a 
(19S8), 65, a?- 5 *"!; dfcjj'e^ped csi thf> Jufcn snncss Ojnht* ihSt-tvtfic^ UK* is useii tc pfc$ai« 
the pfa&rojii gsrus &mk This piasnviJ & ftrss cu* w>5** Sa«r»Nj, a ie twe? res^nc: tragnwnts 
are ■fractionated on an agajos© g®K The smaller u$ the* iwv i'&g-nenis re the fi ter ifag^m of 
thf -esta? and tlv kit get ss &e vector co^soa wnch, j^-hgatpn sfter delete ^t'e f 
^sgmenu torfrvs. owing to l***? f^anmrtg *a tptmirisnnn spauenres-, a perfect palina'-fim- 
wrsse^ means ♦ru** i*tt> ^as^tf ^a^oct bf li&yurseiS tis s^cr* in £. coa This vectSf oorUon 
3 8 kb io s^c ^ iso'afed 1nu^, t ts f ag^cte* $al dSC^oeJufcOfi as desrntwi pay-? 

^aborBtcT Press Coin Spring K *cn>r NY 

Tc* prepare trs Bglf^cat DNA *r8cjrrK3Ttf& trrro A Ficciiierrsre- tnt m$r- molecular Wfc-ghi 
jfeno^itc Dl^A prepared in Sxa-'ft^e i ^ used *(> o ! ths UNA L^p^tsK 

thgesssd wtth t^e rsstrKlton mzym* Bgk and suD$^««3«i*vf fcacrt.3na?e>d a o 3% a^oEs 
gel DMA. fragments a about H ? - 10 kb are cut osit of y<?s srtd detached tro^ 
t*ss? gel f;toc« by esscrfera^uticn (sep above) Aooitt " .*£ ot th® SgMI itaq<r-m\$ se>r^tecf r th^ 
>vsy s> hqa««;d iu ab^ut 0 1 yg o 4 tn<« BarrHl bcn^n, t&olatf «S above cJ the vector pU4&4^> 
^■^f 1 Sioa*don m*r*iirs obtained so t^is WSv is tr*£n t^snbtormej i^io trie ^ cc-h st'^sn 

Aboji ISO Kansf ^med cnicn^ «uf se^tted tro^r the Iffinsformai or> 'nixiu^- 
y f . yga^ w th 30 cHo'atnphsnco: The&i? corors^s u^nt^ir r^coTbsnsii 

rl^ETios- *fi)ft B^ll'-wiJ o^'X^^ic DNA fra^JTi^ntr- ffon ^ ^s f ^^f>yi *n s^^ :a*g^ 1? - 

1 6 k:D 

150 o*fi© p'asm,^ cto^es prepared m Example ^ ar^ a^afys^i b> coicnv ^vD'sd^zatsc" 
js:"^ a nitroceMuSose fsUe^ (Soh$e?che'' & Stnye^ as awi^iE;^ c?' pages 3? 8 319 c* 
M "intritifv c*t .i? K^'^ular Clcnirg A fabOs'at>iry manna! i^* C^it Co?- Spfi^^ Ha*b^' 
i^Oisn^y Pti&s,, C-isM Sarmg Ha*bor MY (tg^i Th? DH^ probe us^d ^ n& ^,8 kb ^v^i 
i*agET^«t *»dt)?aoi?!i^ wi*h ^'F^-g CTP <soiats?<l n ExsmMe s - of plas^c! i98 I Thv 
ptiasm'^s are ssoyt^J fr^m b plssnsd cbTse^ wrssc^i shr^t a hvbrid^d:^ ;s s-^vsc 1 ! ar<^ a^ 
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twic.t* i« ih* vector eutfK>n t^e ciunev 0 ? Kb to m<? ?-^ht ari^ iwt of the Ba-rH* cleavage 
Si?e i«U> wh*ch tr*e ^ ^scjtferr^fWt DNA $as o*?*?" m^qfiitoi J Kpni tsoen net c Jt in the 
pU 4^4? vector fortiori Tn^ r*"Ur c\ on anasys s stows t^at the mv^s^atecs clones 
tarrtofiss botr sderm^ Hmsill fragfnsnts st abo^t 14 and 3 1 *<b and taeM>ea* Kp^l 
fraefnems <app?ofcimate&y 11 4 kband 5 7 kfr in we This- shows thai t^ese don^s conar.se 
the &atn^ ^n^rttio (?§il v VacjirsFT^ of A rTmnterrnnei and trial t- $stli?f h^?. a ct dbout 
i j kt-- I* can *ickMia«\ai; ' be conceded from th s rc&lficten analyses t^at tlvs - v toned Lks^l 
ir^gm^ns h^s tiu mi&u\a.\ Hindis* dejvacjc? s-'te, lue has, r Konf cieava^ s,t^ \>ii or* atterd 
art •mwd! Ken! fra^ie^ J 7 krr- h size 

1 ne psasfnid Dk\<ii im »e>v$ 5 ewes, wtsh sd^Eifica* rsstnctw Jra^n-e^ts is turner 
tr-arscteriit'O dv Souths i> t^C^ Fot *rn$ tfefSoflW frf* p^asrmos <ar<? cvS w-ith Hindi M and 
Kon« a-id tnc p'&bv fc&ea <? thi? ^F'-tedNO&fcelM 0 6 Kr> Pvul n&g^r* the ptasmid 
p98M usee atoe This «v^r-m^rtt oo^Vms. T^s ih* ;> p^smMs ce. ->tah identical 
A mediierrarter- DMA -*ag^en;«- Ib&i hdve sigm^h* o^v w,t* She DNA 
p r ob« whi&h ^harscJertstc o* bactenal peiyketide s^hsse geres $n aadstsor. She 
Southern blot shows Jhat t^e mts"na- Kpnl fragment ? 7 \t m s*ze Ikswiss has ^g^me^m 
homritfov wit 1 ^ DNA Drcbs:' usuq Thy plasrn.d ca^fi pR*7 3 ss 56**»cre>i from tho $ 
p^asmida kjffertn^r orocessusg. 

Tk s d*non?;rdt*? that he c^of^d ByHl ^g'n& s i1 sbcl *3 ^E; r f f om A mpQilen&ne- «s ar 
0^9 ifs* ^V^fnusomas DNA frarfrnent another S~suthern bb* ia fa^ed out Ch^fr^rifrsl 
f^JA *ro*T> A cisaViWra."?^" whirh hepn cjI vv^^ SnjH, Kphf or BerriH? 5 €*ms?loy^d n th^s 

i ? H Kfi«i ttagmsfti ot pRiJ'-s ua<?d r^aio a£?ei ed on A n^obe H\s EXDen^e^t 
conlifrn? th«* the DNA. fr^j-no^t Jb^ut C< st? if. O'xe clcned in *c^orrtM?tant plasmsd 
pRi?-^ t = an au^em c genome DNA .ragmen*, ffosr A ft*e>dter, aftet \^ adesu,^. lli'o 
e<pe ; fsn , ^ril cOv^rm?. ^s 5 , ;*>e rJen^d ^r^Qm^nr vomnnsfw srs eternal KprtE ^<*c?rnent 5 7 Kh n 
size ana two BsmHs frsgm^iis ^bf3u* t 8 s?>d l 9 Kh ^ size snd ths! the?e DN^ tr^g^c^'s 
hkewse di^Lncnlv jjiL^no^TSic DNA 1 r agrr*e-il!s. f r SrY *V rtft'OJ.it^w^ 
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fe^?npte 4 DeT^sfttkQ U 3 5^1 *C5Ii h. T£*EH( Q f ^ i"k Xtfj fifr* **i C 13 Bel l' 
i ra an ient * r s ilT ^ rnea^rrcK 1 ^. « re- real PN£ t?on^ cne~ 

Demrjn^tr^ : rt fit a & gmive&ht K> yjo h* w N U> 4 ^ thronosonal DKA i ^ on i* 
A **jfrtff/wra « ^r^chrcjTCJS I DNA.*rer* t on^mve pro-due nq ac'inorp u N( ^ 
take* pl^«> as ** ^o^ern bio* exG^rtn^t ' ie io\ oth er-b-amvo^ v K j^c lira ^ a^e 
snp ^v^-C- fc fis 'M.-Dcst. Joe an: s-ryc s produced by * ^ str > % re-^esFs* 

^^>)t(^'^ Genar c DMA ' cm !<"<*■ ps'ansh ^a^e-a mm d^vtlbed <. \ •^oaite" s^t-> 
i" Zx^np - 1 q"^*EJ vu*^ shf tc^'" vtion sm^Ts *"rn' jm * r* t. *e I <Cifo* f rgntnf 
v liV i "h ^ (» c **<rt on Pd t*n «ar <ag-*< ^ go *o f he- Southed b-ot £3T^ 
t ir-e^S gr^ t " S t»n^ 1 ^ ko " s * t rrt " t A mifr ^"ft. v^hich ar^ u^a in r* rrp * * 

how s tN:st **■ *>-*-i s^i m proo 1^ & N ^ h c .1 mo ^O!^ ok wit*i tr 

DMA 1 k y *hv*»* with us^i^ » *mnawr*f* «s}'cn nf A toV? 1 y>^< t it L be 

njjfh^^i^ d n q ^v^t^ x s*t i ep^v l . , ii.m nHyponyci") & ^e^r ^an i t ^ cas^ S*>osfe 
^""■sbenzeq t< c; rrs? ^ iasld3'>3 i T*cin r SL -r tcci 1 "' Tma asu ^ *j^t *r t*v 
r*"^ r'^nnscr-a LMA eqr^ frorr ^ rreQ"^ > i*l\^r^ " ! 3 ss"r,cm tio^y^ne^il? 
Of ^ ^ ub. fe'ts jn^ ^ipct ^ II f jf ut^ne i„ j'^'t j r^. * h ^^ v v s if ^ ^ h n^phth^qni^M f^n:g 

ai" N ttl*? ^l <J 5 1 f r<j ;n^ N t 

* o > o^C" *cj • «^T"> - n a too **on t «" pjasmu pHj7-3 tOSM 

{^a a. i «at ao*. jb. o^^o ^ ■ ^ v eavrfgs sue of Uss vector 

- Snh* «*4 j *sitle I J r !h t OSA -equ ■ i <^ >y 'he pJssnuda pTS004 ana 

i,i S>e\r ^""^duc T ^3 oe^L e tVi <*l c 1 ^ » * ^ S ^v-<A ? r^gn n ihe c^ned ms^i 

3^hl f i<;ih i r , * 9 gnti x f ki; n< ^ p'-e^e*" n fhr i ? kh Kpni iragment ar? 
v ed i H* c ujv^qo stio * pBlkss t ( 4 re*>u ii c thr plasi^c^ f-1 Ss>t>> 
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0 p*rpTfL ±Li k, 0"eS ^ klU<t*>- wdtt^jv :sts^3A ^d^r i" \> \ T j * ONAs-uui v \<)f^ 
it? o a^TiO s^SCCM tc ^r i T^9 . a- ■ + u- H d.oest^ ^ tt ^ nof -rrrrte't, f 3 o^tt 
*it XiH sr H *>dl I 13 ct,3vaqe ^ite l*»s? nuUtps* Jo it q r^,_ en o' >^ctt.r) \ DN* 
or>t_* ' * i m fiu- >v ^ (^-^ s-' »hp Int a* vcoSor w 3> ^*>t^c* D fraoT^ ^tf 

1 r > * < fr^i 3A i.uu >■>* k>U sn (5* the t- v ?f y -vlc^cw po*y x i "V " ^tri-v^ <V 
„ V^C T?t Jat?o Md ' atis Of rfi 5 - 3*^ 1 ^ 1 MJ ^j&U-c a>SN " 4 ON A <n» e urz 

x -ir^me^ into r C(>'< CH^ pasmd Df«A wlr'c* scv t v e £ 1 :?vK' , 4 to* 
pT^iN lasr x * ha* PNA tq^*. A'hic a F r< t'urzra^ d * r cn ' vX i-v c ciu3A 
*raoi rv f'CiT nr <i invented t^ti o s & ^vJ.i^Wt- - ^-c a*ro rron 

*o p^St. x b jsire vrr rea <jn * $ *k m n f 0 Af, M t.d G e~ ^^Sn w. "h ui\,t: - ^ 

tt> '< rust k ONA k< s + ' kModcIf >.,3w C^^i ir ^t\>,> d, t>x s.i> v. t*i- T t ^ ^o 1 ^ er 1 

H -"^5iC^ 140?. 14V .".-it? as (NOB) 

fragT^r* w *h <s ^-ch 0" v6< 6 3x *e p u r= & ^UrH 1 SFQ iV> NO * 

•fra gment ^orn. ^4, memter^mv 
s w Orts *^a* '*} s ffssqnert ib w*» i f o vi* a!^ ens?h p'ote ( 83 >^d \i 'm< ^ — « t^us crr^s 
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streptamyce:es and aesi^omyeeses ge es Tie amine acio sequence dertvsd ?n*n tip DNA 
sssquens* tiom trm ORF s ttepicse^ =n SEO SD NO £ 

FoSyHehdc- synthases far macrchdc ariibsotscs ijsuoh as erythromycin f$i>&myCin} are v^ry 
terg© musNunct^^i: pfoseins whsth comprise sevsrd epjy^aticsliv 8C&»<? doms^s w^ich ate 
we» character $Hop«iocd u;xi Khosta, Oba £ouf!dar.-oo Symposium Mg&A 171, £8 
112, Qorjadio and Katz. Gene (19921 111,5^60 Schw&cke $t at Pur, U&U Acad Sci 
U S A ^ 1^-96-* $2 71 7839-7543; Comparison of lh«? anno acsd s^qij<?ne<> depicts .1 m SCQ 
ID MO 2 wiih toa^ of iht very well .wharatSerszed sryihforrsyssr pD]yk<?ti<je synEhaie sryA 
OSf I iOcmad*o, Science?- (199: i- 252. 875-57g. DNA p.eq.^ne^ g^'^<-EM0t acoeaaiDr- MO 

EfiSMSJI *I<MtJj£3JJl!£0 3L ~4^K ^% «LJ£& >s 40S ideniics* to the atyi-ft«$te-a**» 

domain ci rrodda: 4 o' the &r</A Icojs ol Saccftaro^v'sjxja &ry&wam 

Restpn iron SEJljDjNQ S^njro sesSs 76£ - .940 <s 4S*e iQenfc&ai to s^a ka^es^sse 
vSt?rn*n Of r^odyl? 2 the ervA iociis d S^^^fsoVfr^ ^fy^^a 

Reason v am SFQ ID NO 2, airins arid*. hYJ4* 1 ICS is icennca' *f aty: cr^i-r 

Region i"on SCO 10 NO 2 ar^ro asms M26 - ■$ ident?«as so she l-pt^sc*,! 

Thf vtry !&rue sirm-arr^S tOiiMC the aitimo ac d s**3ut?rtee and ii> nze and STa f i^t?mert 
ef the e^zvmahc demons sugoest thai m& c^one^ Kpns r^gicn -i r *tt s^e Irot) 
^ medtterrsne* zoc&s tor pa f t c-' a oc:vKet'ds svnt^ase wh-c- 1 ^ tvp^cs ot posy^ssiees o* the 



t pN.^ 7 » 'fkv iu' i dais n j t^rk r^r.ij ri^^ A ft\i)>forK4iH. 
TH* xv«t d veK,te f «*nployet. is p Mn>* s * WC* w^ch oe- pu cha^t-d b*t A\}Mi< 
^ tc'fca L^A cV\." b as concle sly e-> v> th tie ^ru/rv B, f 1 ^' Ate^ia^ tt$l *§£3 X 
r^c prd spik ed * Sh e^afv.* F>r li^a-ior to ih<- cost d Dh!^, chrorroso^na 3N.A + re>T 

I- ^ve ->o^\tI 0 40 b DM- ^ e^reatLd k th s s f acona&c H ftc^rwi 1 o ^< 
b rent" \sQAt riV i~K\ j *Y"C ' c> <* 1 0^> \ 4i>» f vro^c density qracsita «« ' i b (■ * 
a adien: *far* ^c* i 0 *i rl t " qi.eK«>xfM Iv^d a<^d <\n E?k- of 0 r« _ *ri 

wafer. 

*"V *»U N £v c ^ "^h"- v» thf sdn*:^ PMA rj*s& AtW " , c ^ r"i at 

*U rt r § r^tor <s.k ^ i> yf ^ lis rsa^t-o SiL.'Lri^ ^* tlf> p ' 3 'K it 
i-j ..a m i ^ M C U' it *^ 4 n 1 ot t' s jia^cn m*t ^r^ p- kaair" 5 "V Ur-bda 
^ao^fr. h ™n ^ i v h oi-ks^nr * * v»**k^ c< n o© pu c^a&t. J *cn St ataq* (». Jo b 
jsA v j ^ acc '• ^ f^n' s ^ ^ tariu^^ ir> «. 1 ■ , The l'ir> 1 1 h^Qt-^ r '« 

a'f^d frnr- ("vT" d h pm tr q^^rt * s * A e i o ti+ rci i "t^i 
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inJecloFi el £ oofr X-1 Bks MR (S^tao^i^ ar aliquot of the* ismbfla phaj^ 
pa<kagfed m Vsvro %Y?m~-c^ 7) m rmvt? triasi 2D0G cYjnss on se^r^ LB * 

<*rr!j>ic*Ms^ {{M> tig/jTif) pSste? Triese clones a*** runted by colony hybnd^zatiyn on 
nitnxellulojw filters is^e Example* 3 for method) Trie ON A probe 4i$«c£ is the fr 7 Konl 
DMA fragment twr A rmc!i!&?mf&; whieh & radiolabeled nwt^ **P-<j-CTF s^j was preps-etj 
abov&.. 

;> co«f*n«J Moneo sfcawsng a significant sig^ar vvith the Df*A p*ot>s ere t^und Ths p^mis 
DMA of tfcese c^smids is isolated (Sambraok a!,, Molecu 3t Clcntng A La&ofaiawy 
Manual Cole: Softng Harbor laboratory Press Cold $&rm§ Harbor, N\ , 1989). dsges^d 
wit*> Kps"! arid analysed 11 an agarose ge? Analyse revels Shat a!. 5 o^snrnds hav& 
integrate ^omoVorn^ A rr<$ttit®rran8! DMA v^h 3 of She braer o* stout 2S*35 kb 
snd al* contssn S 7 ^{»! 3?^y-'ne^; 

To cha^ac ienze the chrumuwsr^ A ^ectitermnBi DNA raguost wneh is ac aceM to the 
eloned Kpn! T?agms»nt. the ^dsfniti DNA of ot**> 0$ Sbe S co«rmd clones js subjected 50 
res^ctso?* araiy&is rhs selectee ptesroief of the eosmid dene tsa& frp ruroiw * 2 and 
!ik*w^£ cgmpr^^ 5^ 13 ib BgJS fragment rtescrisffxs ir EMtnpte 3 

t> itj^-*ion u' iv s. ijtnid pKL 12 >* th he rest i * o> e 1-vp" 1 *,* Po^hi tit} I Hi J 

A "« *i ^ ['ft. w <ii <*ro r * pt- n, l^n, r«sj o 1 Pjx < 26 kb I - n $r> 

rorr "n* ^ ^ o be e*a ~K r T*ns r«t.qhjr 1* r^, L*iz* <3 bv t r 

■*o n A nj e*s fi- >oi eies\aq- s\*c^ v»**> t <■ 0 <v>* ^ •>t^rc* i - vc if n <e ---z B3" ^1 n 
po«s« un " ? Kb -,n1N in <~ -^.t "«n 0 6 Hb B il ^ pDi - « H t, ^ t r ni - M rn,, 
t -vb ba n > ^m^n s ' »' 3 3^ '?HI tp r<u^i 10 2 & J P 1 it v ^4 

C.^vic^ "te e "i -31 c. i ot t t, v wn, c tip a-iK rTDS2tt I a re^fegtrs J\A 
r^cji<y ^fi,^^ 1 1 p^ni^ ~*i t ~*i? and ^ v^lpppn g wrh th^ v 1 

1 he p abn d lNF* ^ »p ' ' '*o **aam*nte 'Sirtcs-K U^i"7 j A^l V * p uJ 

nch ♦ ► <r\ JNA tr^crrcr *s ar^ *r<\ J*-\J , x js pc Iw^fsr^e T 4 DNA < no^s 

ana. £ lc DNA o*n ^era^o ? x e p^ss. ^ cf t u> jN'Pis. n *ctti ^ s^dt-* rt erd^ 



on tne C!oi±h!e stranded ON A I'ago^nt** iS^rrac^ et 3? , Mo^^i^ar Cl--f^ A LadGrato?v 
Manud! Gvkt So^na, HartXK La^Z'Story Prt^E- Cuiu Sp;mq Harbor. N*. - s 939\ The 
tra^ents. are- :her* fraction slf^s m 0,8% low meUmg agarose sFMC S«*aPUC|v.ie Aya^ose, 
Catalogue N" 501 13; and fragments 1 5-2 fcb si?a are extracted sy no* pheir*s3 extracts 
^Samarook &\ 35 , Jtoecjsar Q^psng A Laoa^asory ^anuaL Cold Spring Harder laboratory 
Pr^F*\ Gold Spring Hariw, NY, 198?) The DMA fragments cbtasnecl srs ih\% way <*re> then 
Usastd witr Ihr a^ 14 DMA ligase tu E>.as&tMd veckv s>BRKcint^ bee Exampk? h) a* 
pBi^Scfipl K3+ (Str^ag^a, la JoHa, GA USA* «ach wr.stt! b out o«-r& w^h $Qu&t$ 
ends bv s»rM3?s&t*? re^naio^ skgasfcon iS-nai to* p8RKarsi4 and EooRV for oBiueScript 
KS+-\ and )S dephcsprjory* ^ect on the ends by a treatment wi": a&ahf$e sshosshatass 
s^oh^ng^r. Marvsh^w} Tn<* h$af>or> ^i^tur^ js *hen transformed into E toh DHSu and \h* 
f>H& esse 1 ireoufcateo overr;Kjh; 0» LB a^as with: ?hk< sapro^f iate ant.&kMtc ?K&nan-iycm 40 

pPRKanf4 s^pic^sr 'SOQ ^'ml for pBlueScf*pt KS+j Grown colonies tia,"nterre<3 
sm*^ v ih?o i,St< tr-\ of ua^scf TB ms^um wit** ant*btosift ^ &6-«<<*l| orates, mifr w*»lis of a 
vf^Ui^e of 2 mi, anc mcubaSed vA 37*C overran Template DNA "a* tie s^qaw^g is 
prGoarptf oifOvtly 1*am th£&& cuHu*oe by Ov! kali no iys.t-5 (yhmbo^x Methods ^ EniyrnoJogy 
0%%%) H>X 243- 2W ON A seai^nc-ny (s&^s psaes us^y thu? Perkm Elrner^Appted 
Gsosyssenns react-sn M wiih UysM&hs^&i: t«"jmata* rsaa&nb (Kit tl 43213* and ^n<versai 
Ml 3 mp1£s'l!* pn-rmrs or T3. T? p* mers wito pr mers crepsred i>v u$ wsaeh tend to 
s^ierna" sentences A f-sanaarci c-yc^ ?-E?qj*»^one| protccr-i w*;h 20 eye is?? ^ tss^o wih a 
the ^tycse*- fMJ Pf i «ea''f; :, -i f)NA EssQ^i^ T^^r^cjcvt'^r, Mij-3fe! ?2S) The a^sije^ainQ 
rea.*K^^ are yrcc p saled with ethanal rfiusp^nd^ if formanide .oad^a better and 
fjar^-i.fSiSl&d a»xl ^^aH^^c frf ^CtK^fiWs;^ u^k^ AjLp.idd fee^yolf -ns aa$o:irsatic DMA 
sequencer 3*7) tn s^oorda^ue sv4h the na^utaciu^r'js istj-^cc^o^s SeQ^nc? fi^% 

are pfocme&d ^?5h the aid She Apes *m Brosv&Hms DNA A*.aly?.ss S^nware compute? 
p«ogra-r arid transferred 'o 3 SUN UliraSpa^ compu^f tor^r^e' analvs'S The *'ai!5ow*nq 
compter programs fsoftwaiaj a^e &mo>c>y&Q for cnafysmg t 5 x< ros^.fi D?JA sjasem&ty an^ 
analysis pathaqtj GAP ^Q^si^bcs Ccm^uioj G oup, Urs*v§r#;^y ct" vV^^^'S n, R Siader*. 
C^^Ofidyt- Urnvefssty UK) aiid she <o*jr prc^ran^s Pnred. Oos&^ri^ch Phfad a^d Conssed 
\P Gr&^n U^tve'-Sitv of Washington, Cvysno and 0 Gordon Wasrvngjo^ iintv^ri^y in 
Saint uo^sj Atse? the on^snal sequences nave bse*> connected JC'Ejsjhtc t3 geve tongs-i' 
co^efa^t ^quenc^s (cont-gs) rr^inri DNA sec:n^s a^a sper.fr-giSy ^qx^nced w*^ ihs sks 
of ne^ p'lm^rs, ^>n'1i? N g to ^Oc^x^c s«f;ii^n*.) or i>y ^riQC S^tf-ncsn^ r-r ?^quf-ncin^ ?h; 
or?wr ®mmi, 



wo wmm vc-mmmums 



it is posBlbisi wm %m mmhaa (Zmmtowi atow la »eqys«c# th& mim Ghmmmmml DMA 
f<?g*on 26 m size f?o?rs 4 msctii&rran$i whic^s ss» cloned in pNEi 12 'I he DNA sequence *s 
depicted ks SEO SO NO 3 in She bsse pait 27801 58789 station, the DMA sequence oi the 
5.7 Kon! ^ragmsrn described in Example 5 is pr&sefit m pN£i 1 2, and s$ depleted ^ 
SEQ !D NO 3 th* bass pa* - 48768 ffcg*>fi 

Esf^ngi^jq^ tflffrtiifeahftn aad characteriza tion at cawxj. otolftygglh eSMsri^sfrsftajpNA, 

To sderijfy cosmsd clones wbrch Cfimpftjp cnrorrosonrja? DNA Segments *rorv 
A f7!Kff[fWf!(?i located CPrerely sn tronE O f the 26 region rr* pNEl t£\ t?>e ptasmsd phS£t 1 £ 
jsj cut witft the reaction ebXyrrte BamHI and me rf..^ilii*>Q B&rnHI fragment 3,2 Kb tn sizfe =t> 
Sfcaaraeed frcwr ^ ofb*? BamNs fr asgr^e-r*is *n s=n agatose gss and ssoia^d trom the ge! Ti^s 
BamHi fragment ts tocatsd a? one end &f the sneorporated 4 modtfetr-ane; DMA *n pME 1 1 2 
^see Exampse 8) arsa car> srsus bs used as DMA probe tor finding ths required cosmid 
clones. Approximately 0,5 u$ of thg isolated 3 2 kb B-amH; ON A fragrant s$ radiolabeled 
w^t 'P^dCTP the ruck tfsri&lati&r-i system fro;?! Gsbco/Sf?L *Basf.'l) >n acwdfcincG With tha 

ThR cosmsd gans bank from A. n:®dttQmn&< descrsbed m Examo-i* ? =s then analysed by 
colony hybridation (Method of Example 3) usir»g mis 3.2 kb DMA probs for clones *vitn 
overlaps Two cosmscf clones vHh a sErcrig hybridization signal car. Pe !^n?H*d in Ins* way 
and are gsven th& ^umb&rs pME95 snd pR^4 & It s$ poc$ibie ^-y ;e$;ric!5on a^alvsts. and 
Southern bk»J to con^^n ^At ih^ p.atsmids oN£9i and pRi44-2 ccf?-i^ri§e c hf ornc?s£jn - isE OM^ 
^ragnrjenta frgm .A m^(iermt t 3^Uth overlap wtm 1J? kb Ba«r 5 H ffa^nen! ffOTs pME^2 
a«d together cover a 35 kb chfornGsomal reqion of A m^^f^ra.^^ which is dfreetiy adjacent 
tc ihe kb A meatermim fragmenl of pNE1 IS clwed: in pNEH2. 



vmth trt c^^isl N o. * jpNE^b pj t/i 4* J. 

. h? ^"sc Ml 4 f"^n0.rd"e( OMA r^eo"^ J,hod * ^ »ho i^^id J^nes * Mr ^ 
pNt? 6 : "VJ pWm-s-* s o x a acts srerl by c£»«> n .j ^ tt * ''est a en a^a'ys ~ D t>^ 
o.'v ik *3N A of f v t H tf t,^~n en with th r rf^^iwt ci enzyme 5 ; Ei rniH-HI 
i< my s a i'l m o r x . n^l c 1 p oducss a ji,' ' >ot icio^-t ^ l$ ch'tif^ reg^r el 
4 ffr*V t ^"\ fV Qv*. ape n -» tr^O/renti. Ot * e- in -ee >j £=<n Jo vt 1 J" 1 'is t a?-^ STicS 
v \ vO ^ f n«' t s y Su^K^ ^b' " b s s.totsos'* ral region r* A ™ tiL , f Jt af ^ * r ^ „ s , £ Q f 
a^a_" 61 £ ^fi? s: o \ r v $ * o by *h€> to l< wi^q **,?t &t^o r olsa/^gi ^ w'n t~*» riKc 
d s*an-: tr * , f o^n «iH in r>ov*ko * T Kb Hre'l ir- MO-OWt S-J I in 

i-ci" v <t- hn-^l \m * or kh b§ 1 ,n position 4 J* h & Bqlll r p^ ii,M s ^ k m 
f> ,*> rpL s 1 ' ^ w L,*^um ii^e sl^srrii; pRi 4-» ^cd.i ^ v . >=\ u s i * j'i 

Oo'or 1 to t»JXttO>c rr l>* y 3"kb Jsst^ oME q S cny-i^s ^ a^ioi J f jci (.vit'^K fi $ "n 
9 kh r* k a^d v~i-a ^jf 1 ^2 n v i i: ^ recj.*^ pf ^soraKnate tjs*ur 3t* H bi *^ 

^x N rrp^^ r<?*or T; Of th.C i^oy ^ of *K ^ Dr-ns3*i^ « .^X^\<^\^r%A 

r 14* of *hfe D*l " scq^e^^e cVa-ro^ora! r^gicrt desc J ir Exar ip '1 

**\t A ta^tw^ iFto^l <> K^ ^fe ?itR r > 2 Kb ^5 . or u>V 1 ~ * »d njt a *- 

tiV - ^T-ns pRi 44 2 <^ -\r? r 1 s th>» s^f^p n-*» s>c* ^ tv 1 1 «■ 

9 An ^ sis at DNA sequ^ ^ ir^CI n l * ^ » tortif v £ h & \ r-"? + nrt ~n rr&p 

d 1 v?n ^ pv*JF" 1 4 ^ tAr^H a^d o 5 ^ 44 r> 

<s, e DNA'S-qw^cit. J tmtscr^al ^ ^eo tc-* r &n& DhA eg 0^ c^s^ ©or F< rf ^ 
* 1 fra^ th^ EtoR ^cv^.^e sit^ n the 2 h& s anp *o t»w csn<" ^ ^o ^ ;1^o n 
SrQ IP NO 3 t eic*n b3, x 59 tw-sc p -rs> 

b*.ar'ft?i '3 ^na ? r f ^ 1 rs* orstcir ■t'-ir > <d "t; r trq a 1 OR r A> it + i „^ n <J 
A ^ ^"ffc ch^Qno^onvi 1 f^g g 1 js^^d * ^-t: C T NO 3 

uOn>t. p'^r-^m x C^^e \ =. t. tvfTfu^r Cfo^, .,r^-r f \ H ^-f\'_i ^"n, 1 ) <y ^ 
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r** - 1 t K rd if i"> ss- ci ene-r «p r *tf2*- 1 S.~4^ <r r) ^1 ^op zoaor- - Sf d S x NO 
T> ie ->d ti ii -. "^q t- O^f- A ^re t 'p • -* c ae* p^ny< p » lib rhq G C u v * 

^cmpanv n ctf t no a*.jc* ^ql e^ce of OHF A '5FQEO NO 4 sizs* 46?. v ^ n acd..} 

"s^v^v* g m\^>FM0 ace «i>^<n N M v* y \^ t ^ fc> ro r^uts 

SlSLinJ'tv QRf A. fiECi O NO anm? <-ctd!> wfl 4M df^t ia ! Id *ns, it. 1 ' 

carj^ jv^n dcr-a n o nod^lt t i/*v**ryA > x-u v. fva\w> >*%><*,. erfh^Ba 

*>y-'tha^ d«>nvr <rv< u «* " >* th- en. \ nr 'vK 1^'^^^ pM^es 
SeSL-MtQ^Cflh A. SliQ D <K? < ti^i-' %r to ^1- ' '-entralta ^ « 

r» cgi*iP « ti O ^F A SEP L N O 4 „y" r cm« \4 is- 4«?v iiJo- lUta totrt- 

libr yd a as>-fc. v&srk ■ n <? rusdJ* 4 ^ * n e e*vA &. * ^ <f ' ^ Yvo^ > 
Rj&Kn QRh \ SfcQ (L N« 4, $n ac as. ^64 < 840 ts 5:% icent cc u wet- 
%iTa ^ ^f nodJ* 1 o ,v sr^A loc^ ■"t S&ccmtono ^sco 3 ^y^h a&s 

4 .sirfn5t |r p'otei v d^s n i,* 'nodJ ^ l." t*"- cvA sxu* of Sfi l"sc?o *sdl 1 ± iyt*f 

[ H Ji?r f v 1 O^r A. £EQ D NO ' « . t k a^'d 203/ ?4t>d ^14^ a 'k t ^ 

Kfc'^ac ? s «vr d^riv > I " nf th*- * lo^ ^ *T f K t>*j-\\ xo*r e^lfa e& 

%3K^ fro-" CR r A , SCU 13 NO ^ ;n 0 ic tfr r ^* V ^ *o T <■> - y 

<lrqo^<LC^FA ^_NQ 4 <monv; t v,k\ 414, *$)t t*n* H ti t\ 

t ^u^ ^ ilv. nia ^1 - + ft4h3>j^ 1 thy ^ ,<A ok,u% of Sac^ .va /v^^V'^ pnrhrjej: 
RgUtOf^v OH y ft SbO 0NQ4 ar » .jo, 4 4C5 44%Q . 50 5 s. idsrt wl * , ^ 
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eytftrw* "re rea**- of C RP" A. S EP ID ^ t«2IV3 8Cd§ ' : i e £3% ^entscsl to ne 
n^n^ates stanet t-n; on oomas*^ of t*:^ ran^mycm ofilyketiae synthase rvm 

Sfi.'rtC'^Xtxi ftVQ.?><icctrt£».t$ <ApaF.c;i? et si GENL 169.9 18) 

The qteizl i>.rr^dH t?^ f. vn«J ri^no J *.*»CfL>**ni> of ? f >0 ( tana ns ^ujc^ 

^amb^o^^y t^at the r~te-n-**nco^mg *egton .UHf* V cs* the 4 mejitt.rars> 
c** retire soma; rec^n demoted m SfeO NO ^ coses 'c a typical nc-du^ar ?;ype -n 
PrlykeKfs* *>v x !^$g Uns vcy 3« r ge A f^e^fpfflfies p^yve^cte synShasns §fK0<3«\f 
O^t- A iS^n'-oP^ t*ir^ N co<nUc*;? fc^acriv** *noi^*'S whwrh arr- vacf sssp^a^ U r 
co ^JO-ewu^ o o C? >x:i j 1 toe* m^rrokito * ra o + ths module s^d ^ffecr n^difi^? >n of 
sh© «m sii^v fu*rr>(?o t^keta craurjs Because o f ^motc^y w\? act^at rg comam*. i uk* 
r aoa«iyt n pehK^ ese synthase tn*? ; t$t moduo ses^fceJ a Dew V t»r, pr^dbk co*nR"ses 
&r fsr^^TatiC fr? a-t^st rig Ihe iSforr^c starse^ tn\\ of "^dmyan biosynthesis, 3 

d Y^&-&-nycr^*y&&r , ;t^c ac o" (Ch'dalbR U sM . 3so:f*ehnc3~^' H ^ndust T i^ At t hiobos 
V^arwE J CC! C^coksrSFK >0"k ("WS^ 28 1 32?) 

S^x^sty^ "4 A^IV, 5 v* ? seuonj p:a^r e^co^'na rzz-.Q-* iQR^ B of tfi? 

1 r+» ^jo^ot)^ s&uenca r* SEQ ID NO 3 <s at diy^ J ^*nq Cucw* p**verK* a>rrp 
r^fo-gs^n ^Ct'stUcb Cot5^u + t"- 0«onp J-w^r$i^ Wi$t>onvii, 7s* r ^^v^Vo^ v-ovmv 

ts^Jit ^n^'hft' oner f^itdi^L' 1^ i;s? [OFF S, ^iiicn crijes sc* a rfcls*n t$ m 
"■udv^ '^gion o* s^iii^iL.e-' ^&ui,'tiOn "ii^Cf «uiaJ.''j clv^ co^o hN s? 1 'S^Q 

NO 3). The esdofis «s«d 'in ORF S are t^jlcal ©I actrnemy€®tes g«si«s wllh a high S*C 

CorrpariFQ^ of thft sm«nf> acid .ss-q^e^e g§ ORF B iSEO NO 5, tengsh TiOSS aini^ii oc^ts) 
wiih <j?^er p€.fy«stsde synths-se^ ard specif^-ssiy wrth very vvell cnaracicnzed po^ykeii<s$ 
synthase of SacchafQpmys&ow &rytr>m&$ (DoriadiO, S;:^hck<, (1991^ 252. 8' 7 S-8?&. DN.A 
seauerw oens/EMBL aoceasion H- M63676? §ive« the felkn^nc results: 



tftafr ^ O^J U SO_p NO 5 a ru n- a * » i* 62-. iir \al;M Kpt-a^l 

nt + dc^n m^ki ;> "* o* itv rs ^ A lor^ of S^irL^Tiorv >\ *prM ^ v*^**?^ 
rKat^* QP, U.Stk I NQ j ^ \^ <H «K KV * td^rtir^ ^ Ok *^ 

"wV^rtf ocn*^ n of rr 1 ^'s> 1 of ^ e yA kvi* v ^vcc K-tcpo'ytp^rs e \n 
Ri^_ 1 Qpt- 3 §^ t? NQ e ^ \? 9?^ *Q5E b4N c*^S , ^ «o the 

^vc-i'&b 1 ' fVT-a; « of rrcdJt -s t the t,">A l2£i,s of 6a<xr a.vr^V^c a '"yfTaea 
Rraif""* w* §£Q ID NO ^ an^ac J* «- «\ cten'ica t*e k*tr 

Clio «nTia r c* rxnd Jr T r>* the p vA t- r* *v s i o^i'v^iVM t"^1*> a&& 

^rihasr dorian o ntvu -> 1 rf * H e c» jA u r 5c f *n8wo'> " w<a en'fT^ #3 
RS3122JL0R^ ^ S€Q 0 5, 4 ~ «r ^ 1* * r '$ ^ ^c:^nt , » * > 

Hpg^ Qr r U ^QLi? HC 1 ^ig* erj*& '^6 4313 it 5^ ie^ic^ * <t*\i 
Hti 3 n Zi LHt _D S bC' J IV hO 5 g>iiic cvics 40fe4 n 4>> 1^ *l ^ !h* ^* n 



A ^vpi-"+<vr i/jt { ^ r »:»on^i rei r depr* eo n §JfQ 10 HQ s 

Th* iM^^^fvi^ Kt; n ShC ID 3 i <t f \ \\$ -^Mus? rCKlOii^riJer^rr* vfpvin 

^ ogisT (\j<e"-stf^& ^oTiD^ts"' G r Un « e-rfe.it> fW^ocn *^sM* Hi h ana -» 

ihcr ar cps-n re^ dr kj * ^ n* lOFtr Ci wh t-h t 3 \ r 4 «rc^ 1 \ present - wvk 

^ t >u wHf C jrp *\>Cx- rf sc f no^f *r* es aer»- v>,th a h 3 v i?-C v. rt me"t 

Cn m-J X s - % c* >^ su J tLOuerLe o OR s ^ ^SfciQ ID £ rt.nq * o*t trK db 

VAlh o^s pU^Kr- dt by tM^k s^c*. *^c<* * th the ve,v v,^ c ta^atf-i r ly^ 1 m- 

^•MUH Q' O^F" 1 SEG hC e pt >o acidn 1 4%-- * 6^ dant ca V t*v l^'o* cv 

"I^^Q'Q^ ^..Q EP \0 r ^Ti no <ic J- > £ 1-a 828 3 id* n*i^ i to ( he <SC J 
* Hr* 0 x>*r\ n 0' "^odj^ 01 th*> <*\A y b t.c^^coVs' fc-<v 

* n N * ^ 5£Q_TMvpj_ _FL' 1 '- a K v ~ 129^ '399 * n» t 1 'K kbft 

r e^Lv te&e 1 r ^ mod ► ^* *re e*\ AK^*« 0' Vrr^ ^ ^ ^ssf 

%.*>*wj?\§ 16- Analysis Ql^ ffiutth p^t6i^-«^rofti»ta tSSiQP tORF Cj: crJAe c^oji^q 
A n^i^v^f e> ^r-g^Q^c-nal f^a^ r d^p^^i i^js-EO O NO S 

program (Qe^^ttcs Co^noure' Group Unsverstfy of Wisconsin, 199^1} 3 a«&!yS! < i fkw? 
IMt a l&rgtf ©pen reading fraffi? fOP p Dj ^vt 5 ic^^ codes a ^rnS«^n is. pre-scnt >t*i<scI^ 

Goctons use^ in OHF 0 a T e vpsc^ of srtFr$of^>t.&te« gene& w*th a h^h G i-C center 

Co«r?par'son of fnie srnmo acsd sequence of 0R p D (SEQ fD NO 7 «<?*>gt^ 1638 &tn*r-o 
with Gther pniyke^de $ynt^ases and soers^^jiv ve f v cJ"'^acl;e-u«cJ 

p^ ! v*et^l^ f y^?h^« «rom Ssfrtomrtp&h-spofs enU^^ {D;^^a-<«, Sos^cs >. i 991 s 2SJ 



~$4- 

<!* O- SCQ ID 7^<$ T i * tc s£ 4 §41 54^ iJsMil^' 1c Ire jcv 
ira-is "rs-se cor at ot rroekfe 1 e >A lor* frazzh^rapQbs ^ra 

c+OHf L. fcsO \l MQ 7 s urncp jb UfcQ 'J* to t^ *eto 

^nc |> (\* r cm! ■* c*t r e 1 C T £"> A "CKJo 2* A < AW^M- f^-f. a ->^fM? 

^« ru cl^rtme ^nce ~ SEO D Nt £ * aridv-eJ; -ancthc Cjdcv&'s ."Ct; 
vxr-i^i trr c\oq Cere + ic* Ca*--ot ^ C T h~ ^i^srvo'Wsccfsifi 199^ Hs^f ^ 
l-st l m-o ope>^ eavi r « tvi i*» ,CM E w*r K CG^es-fv pret* - o p r t"56~t r the 

The f^dcis u^sa f O^F F a f *. svu al c1 actr^ ^ v^,s o h q* L ^ ttt*u 

Oompa- ^ . <aud st^e^ce cf O^f- tr ^EQ J NO 8 ls"^h ^ 11 1 
dk ds ^ ( h Oth& ^Kt,t ^v^a^et 0 U ^ v t^t vt r\ w- r h va: 
do v^^-i^s !,s ibtf t'O v l f \?*arrpoi$ tporn er$i*) r &?< ^CVnadia c 'Oitr v C ^^^i252 
i i N 6 * V? A ' Ml i. -^ce ^ f M£k t X *? ->\<. " N ML3«7t, - t h X s * N l ilA ^ i ? UlC 

R^tlC On- k > fcG 0 N O t» a nm^ ^'4 A l ^ ^ v irrs- ca to t . katr a< 

■-v u dcn\ i c" ^cau <u 1 s/ II- e p \ A < tu > U S^rc h aff-^' ^v<» e vf'f^ 

Beaton < f C Rf_L_££.Q C> KQ ^ ^ * Q ^.^^^ ^ ' ,rrv 1 ^ ^" ^ ^ ^ ^ -at * 

dU^vc^ ss d^re r c >v4k e 4 <^ th*? &fvA loc^ .,\ (^i^hp'^^fo . t,r>t fiiit 1 ^ 
«ea^\C OH ^ k >nC 8 ar-if iv dt r ^-> i&ac s b?** tfeniiwa lie teto 

^ego^ U CH.^ t ^ .lH"" a-iv^ bt \ as nt c I io P *r H 
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„&a'QC "^P*" - 10 NvL* d^ir>Q ^ i - a «-S » J £ SO^ iter t.V.. 

* n~t rserr^uiy^an? 1 t>A *s * o K vo' ^* "y*w«r 

H^nn^fOi Cfevi*0NO P—*"" *^ <aKvi C5"V <730 * ici^V^ t *^ 

-uMior Cfi~ S T SIC D M C 8 <n\^ tfc M>S 4 n **2*S t<"* »>«A 

rr ev b t dv™iai- ot rvccL *- t ^ 4 ' * ?\A lew o* Ssj^a^0cA i ^Jo r " r^'w 

< 1 ft v r<n t3v.rt.tir5 C fr p^^r Cr<\ p Unvfrstis VWs^c^e: 1 ^94^ ^ ^ 

s^ov^^a rttv»r« d g*>a*w iOR£ Fi w 1 - cKoce V <■ p o*e , p^-sen* *h > 
g« ^ i*- ^ tro^tion . < > , 3 5. C 1 ^ mi t*i«*q u < :'rr r- SIC ID *<JC * P> 

r^^^i'^a ~ f* 3 F t>p 1 <M%j.trft ^ *vit<> >-> vt th ;? n m G ^ cc^tent 

C< o i c* c ^ no j-ni seoue' - o OR" ^TO 1- hiC <t xtfi v » t acd } 

^q, k : 4 ' mi r c«i^ i fr r in a so e cj*»t ^< ^ fti x > *w ' ^ ^ 

rn^oi ^f^oin'.n^ w-*^ b- 1 - m n-H-i KhM t inr^o Yi^r t V* c 
y}R f Vsi'tci ' <Vt*Jhtw* ^EL. E? -J v 3 a >v ^ 0-T> h i v I 1 . Of ■• * s ^ 

«nd * c-n ee ^^tL^re^ * { it h ^ ^ n?"v i^ < * &p^t s b e k r U e t ^ $e uf th^ I j ^ ^. vl i 
pfodtced by c< vk^-dt ^^mh?^ 'o ^ ^rrv^rvi per ^'aie rclt>< Jg Jai f x v 
htlrr^be^zc _ acu Thi^ e^'io^ift^ k r*? r i*z~t*~ nra »\s t,<^ cr e I: 

^*.2 v ^^* v v if) r.i -'i o asccb-Lr tc-it Mh ^ii^ fn v f Jhc p r tt n v \o\^ ' t ''~ ir 11 " 
i Sbu ^> K t:, a '■a vjl*- n t*i y i ^ i> of ^tv^ 

m,ic^iir!»? type T^n tngethf 1 ', f^^f I -.^ rf^t ftinftw* enzyn^s ^m^.*^- t0 pf:ly^§tiOf< 



synthase modules whsch am each responsible tor a condensation step m tn© pobk^tde 
synthesis. 10 condensation siepr. s?e I^ewise necsssary to? n^Tsycin b*»$yn{hest£ 
(Cs^i$alfrx! B'Ot&chni^ogy of tndsisrri&l Amibsotics Vsndamms E J Fo\ Dicker In':. 

New Ypf^, (1964) 28* -327). Ife orcKr^ssng of the ^st^uter keto groups squama fay the 
enzymatic domains within Jno modules $us>st«mtiaj*y corresponds to the activity required oy 
the n'amycio molecule. »* it is assume that tha polyfcefide synthesis take* place VoNoeady" 
wth 5he arrang-em^t of she module in the gene cluster o? A med}terrsr<$i (this $s so Co* 
other maerohde amsbtoucs such as erythromycin a^O rapamytsni. H may be added ^eretnas 
it is nsil certain whether tr&nsieriptisri oi the kve ORFs results? five p?ote*ns, H parneular.. 
ORr C snd CRF D might po^b^y tx> transited to a large protean. 

An e^ymetsc domain which is ve?y prohsosy se&oonssble to* activating Sne starter mosesuta. 
LVhyctroi<y &-amsnot>sn20!C sad. of ntsnycsn biosynthesis can oe found at the N senwnjs of 
ORF A, the st@rt c-f the pocket ids synthase Directly faelow the descried nfamyes^ 
polykfltivJ© synthase §emft cki?tf*f th&rs j§ a gene (O-RF F) which very pr^beoty di^vmir.es ^ 
0tO?«w wnsch brings about nnQ CtOSUse 01 ?ne rdafnycft rnotecule fctte: Completion of the 
condensation sieos by the po*yk«5>d& &yntfia$e. 

U can bo cooekrded on tha basss &i these finings that the A me&te^ar^chronso&om^ 
re?o.;or: assented h* SEO $P NO 3 is rss.pon$i&te fo^ the sen cc-n-dsnsati&n ? teps ^qu*r@a tor 
Hsmyciin po*yket$de 3vntnesi&, ifvJuoSnn a-^vatsfen a* u>e va^i mo;*c-^le ^hydr^y-S- 
amna^on^o-c acifl, and toe c^ndif{3;ng nngc§ooUfe 

Deposited rrMyoarganisrns 

True ioisowinjj microorganisms any ptewidSi havft been deposited at the Deutsche 
Samrtiiung v-on MiKroofganssmeri und Zeilki^jren GmbH (DSM) Masc^erodor Weg 1c-, 
Br^sj^nwesg, :h accordance »*?h the rcq-j^^s-ms of rhe Budapest Ts^aty, 



^icroorganlsm/Pia smld Date of depesit Deposit n«mtee? 

£ cctiwsa pasrrud pRi7-3 10 08.96 DSM t It U 

E €Q}i p£5$rntd pNE1 12 1 4 07 S7 DSM 1 ^ 657 

*F CO.f? Wilh psi^m-d pNE&o H.O?,^? DSM 1 

fOtff wl^i p^msd pRi44-a 14 07 97 DSM t 5655 



WO MM: 



^0 TH*-t«*&i '41 61 1111 



■ 38 - 

f^AccasOi rarrcGas&cis rtccyrrcxw^ ^gctoscqs. co^ttogsc gtcttck^gg €0 

CCGG.CGTGC C&XCACCO: CiXx:s^iAC.v TO.n^"^^ <XS^Tt37CS QffiSAMCQG 120 

&'3CTOCT55AA irjtfSficsarc w^wi cc&xx-x&rz c^Kwcraasis ag^x^cj^- jso 

CawCCTGG GSn^PCOGGO eQ&&C£tfQS? GCl>aSG£2CAC: TCCATCGGGG 230 

AiGA'3>CACC0C CXCTATXC GC^XSTCT TCTCGCTGCr Or^XrOQCC COSATCCT^C 30^ 

cgsoxocgg ccoa-rrr^TO rx5GC<57roc c^^oro:- rxgatcgtc crnsTix-scoo see 

cxrrrc^ftcc csagsts^: c^^foracti r^^eoseor ^^toset o^c"tt,wg 42c 

QTCCTTCGGC CGTi^'IC-:.^ ItiCCW'^ftCC, ^VJ^CV^VIr? CC^C^CC/V" to:f«TO 45sO 

'ivxtjcg&^q c3ggca£.aa£ M^cju^is^: "^ffiffii;. a^rc?H\: sactc^xx?.'; $.40 

OiVXCJCXXC CATGCIGGCG C^7r?Cv0e^ CO^XTMC C<XECTGK03 TOSC^^SftGC SCO 

coa&3ATCcc <»tc<*tctc<" ^"^Tosca" cccggt^cgc £<^*x>cGor c-a^ctg&cc** ss? 

A^SCCGGGCXA CTOCXSCCSRiF CAC^TGC^3C G^TC'^Tl^n CTTC<3C~1AG (3GOGTCGCOG 720 

CCGCG&CSSA GTCC&'>'^X TCO^GTTCS ^iASXTC&: I C£Cr^3GGCC, GOXfSSMXXl ? SO 
r^CTCGTCGfe C/ik^CX^VX' C ! >.'3G'S>.1fe?C". "i*.^ JO CC?\VC/;k? c &7 

AC^GTC^SC tX-TC^^ACC ^;C3&Sa*\X; A^kM^'inX.X^ C^GCGGGS*!^ ^QfTO^yvTT S'^O 
Sv^^CXX? v«tGCXX<'<:\- Crn^X^TT ^GTCGACCT ^C^V*TAT GCC^ftXACO 

fcSC&SCJi&'TA TKk^T>S£Aii 0 . CS^rQCGC ACX^XACCSGA CO^itX?!^ 1 0i<"i 



wo swtm 

gm^aocoik a&maasm c^^srass 
TcnrACcrc ■x^r^i'CA ttgaaascgc 

QcX-TCXTOCr CC^TOGCGGGC fcCCQC^CTOa 
(XX^3\».:C GG^CTCGRA GWCKXSSCA 

fi^^TCTCCG: catcc^'K: ciwtscm'i 
AOCfTGTATiW CCTl3C0CG*.ti ^CGCXXXPTG 

^ercsocroc q&:.v^>;:s > k^ cagcacr&gc 
ixxjrcG&xs s3'?:q*cgtc cAcancmrr 
acg^oxgtk: gi*tccx5gggc: c^yx^xr^o 

Wa3TCGC.CCr GC£CGAGG&C fxACXX^GCGG 
TXTTCGftCSC a?<XX"Kr.?^ GCGSCCA7GG 
fJfXX^«f»TOCT gCf^"rjC.'&'X" TGG&AC GGCC 
•K^iCiCn'CCa (*Cta.£XXX:G 
CCQQCOSPCT CGTKTGACG iXGGACTCGC 
TGGGCGCOX' QGCG&^CAC OAC^TTOT 
CTGf^G^CGT ^v>X-r>;^C CACGTCGAAG 
kK&SNXGS CXX3GG«CCTC CM3QCGTGC 
liXX^T.Vi' ^-k^JA-V 'Xicnaofvrr > 

CGGTGTGG33 CCTGATCCTk" a.'CX^'OsL'.A^ 



3& - 

Tsssfam^'i' cra^ssca gtogccisss iosa 

Acaxi-rciGCT ggcsgaccac gtcatcggcg iuq 

TCCAGC3XJGC CX?XX:GGSCC ^3S&eGAi3& 1200 

GCTQGTCGT*? CCCGACCfcCG J 2 SO 

CACCGGGGGA QK?XyGT?CS Or^GCGGTCG 1320 

CCS&AS'TC'TO r^XXWJCftr (^fcTCGCVST lififi 

cirrrc&AC^ i^xxsceTGG ee-sccGOCCG i4<s o 

ACXL^G3E€TT G5GTACCCCT 1S00 

TGTGGlXJtSX CGGOGSCG&A GTOTTCGCCG 15S# 

ACGCGGeCCG GT^CGGC^C C&CCCCKSGCC l&Kf 

CCGGTGCC'AC CACCAOXi^A C^XXXSGCC 3£S8 

riVV^^^ S>. v .X^rif^.V^ .17 40 

AC'JCcxriTirc gcxxx^occc £cqgk:gii£C, ieoo 

*1X.^DZ-T-C€"G GCCGGXTCG C^^C^OC IS 60 

tcc3o?tog^ crpiXACcaAC ArmxrcGG wo 

TGCTCCA^C CCTOXCGAG (wCTCCfXTT'X 
AGACOTXXT Gs^GACGCA Q^vJACO&Oo 
T^ZACQ-hOGr fit^TGACCCG C^CX^XXrc? 
iXiilWiACCC <Ry&vtX'»ATC; G'lGCrGCTCC 



* 40 - 

ACACCSACOS TSAAQ-?5CC<3 CT&X*X<S£SS TilCTSCJCZAC C&XS&sSCee eAAACAOe^ ^2S0 

TCXvC^-GOGC CAOX'TOi'rc GCCCCGCC^ IXXXCCX^O:: CG&GGCOXS C^XX'&CCGG 22 BO 

CJ^KhCiyXk CCaX^-.^K C^.-^^-.O"-. &:GiCCX5GTTC GCTOGSG^iXG CTCA^Ct^X'C 1340 

GGCACCTGGT OKCCSSCAC GGAGTCC ^ - C^'^^W^' ^TV^GCoGC ^^CCC'^ <NKV> 

J^GCXTG&OSG QATGGCC^hh OTGACCGCrc AACTCftTCGC TCAGC5GC GCC G^GGTCiiCai ^ *6C 

^asscgots coaccts^cc gaccx^jg&x as^csss 1 ? a^txsctoc-c^ ga^cato'IC" 2520 

CXiAACOXGl" CKTrtXAC^tfX ODX^TCiTTC ttSL^CGACGG CSKCWCGZZ TJJCSXi&CGC 

GGGAGCGGCT GSCCAJWSSI^ riO^iX^CA AAGTi'ACTGC TQCCAATCAT CTOS^GJKSr 2640 
^\CC"0~C>A bnVGGhTCTT C^C^^ItC T^CHOTSCTt CtCCO'XTCC Ck'^^TTCK 

C*7l*X5OX0 CM3S5CAAC T^7C^C0'^; CCAACSCCTA C'CTT^A'"CS:r ^itiSr-CXX'CA 3 760 

acoxosgck: cgcqgxctg cccgk:a::&7 c^^ksC"tg gc3gcxt$t<#? QARrAiiAccci 2&h:; 

ACkSGAC^GAC CGOOGACCTC GGCGACGCCG AC^^A&333K GGCGASTCGC C^GGG-'jTCC 2 BBC 

TTO^CA'XTC AOXXXCGAA GGCATGG^GC "ICTTSXJCtVr AT»CX?CC<3SAC 0;VX7^CTCG 294$ 

tc^cctcaa i^ssAecre- c^aaoatco G^TCGGCGC <^GSTSCCG CACeTGCrGT jOOT: 

(XXCOCTOST O^CCQGGA CGvCAGC-AGS C^3JTOrX<)C CK^CTCT^- OAC^OSS&C ,<CHn- 

TTG^CSSSCG ftf.^\^:CrOrSa C1?COCOCCfjC: CGSASCACSifL C^CCCTOTTO CTZG&CGKCXi 11 2C 

^^^ftCQCft. OTl"C(3CQCTG GI^KWST ACOiCf^X^ CiiAG^CNi.TC. OflSt^rrXiftCA .2 1 SO- 

CGC^rrcAA ggacaccgs: t^o^otosc '^cc^osgt G^w:Tecse AACG^TOC: ,324& 



- 41 - 

c-cGAaxc^G TO^^mAAQ croxr^c^ ?ccTi;<??cirr cgactacccg ^masrct; 3300 

■^'■rnGCCCG CTACCi-O-VI" ^C^A'i^Ca GOSAC&CS^ST afXAACWCT 3^ 

c\xcGGCor^ ano^^aavc oa^c^eaA TOircA^csr osv\^»:;-\-{ i^rGOCTGc Miv 

- s ;k'J.XGOGGT CACOGATCCC SMQQCCTlZr GXGCXttGGT (SaSCGRrGK' CTOuWKSGtSC: 3«3 
T^-^n' t-wXvV^;' C->>^XTCS^ ;^CT^^G.V\ CCTXiTSXX^C C^'WCCCG 35^' 
*£COCTCOi' CAC^ST^ AiX^^&iJ a^XJITCCT OGKESSyXK"!: GGTi'TCn-iXNS MOO 
MXEQGGOT ernXJCWATT ^^XCQGCSCG ACOXCKMC CftlOSflCCOS v»iaaOS3C 

rC5T1JGO-\TA GAA3CCCSC>I AAG^CAOeSS TG^CACOCG G^TTQTTCA ^?2G 

&GG^GCC$& CCTC<30E»TG TiXXCO^^ TGTCC^ACCA SGQTrAT&SG AmSCSCXXJSS 3?S0 

ATCCCOCC-SA ^T^CGSSv T^,:aCGAGC^ COXSKOTOC ST^ASCGST C^?f\TGGCC 38 3 C 

C^T^TTGTA r^TV^tV^^ r^AJ^v C^S7wT<7AC -^TCGACTCC CCT^i^&Y 1 3»u0 

CfJTf^x^iw^ c«x:<3Af^A~ &*xyc'rc3as acA^ic^a tgctcoaiv»o M>to 

^GCG^JCCT Cf-r v*3TGCA AG^CTACX CG.^^GC\> ^AC^ilAOSG 4SS0 

C*r?GG5eOUA GOXTTOSSw CTOSTC-^TG^ GTCSGTSOCS C^^C/^?- 4UC 

03CAcc»:-ai'x octg^ccctg ct^\x^s3ca go^^tcaa ^xacc^c oasrce&Acc 4^00 

accTt^sxGu ^rcr^OGOc; ca^r-CAcr* AAC^vsx^r ccc^cr/sccc ct^xuj;^ 4i>bc 

COSGCCTCXA i^TOXCCiAT ^^"~/J\V TXfJ&SXA tX^JVXT/iJ ^\;OC>"OT^ 4 J JO 

scesiCceGM- amsocssms aooCTsesss? o^^mosG cmg^cx-oc: Gms®m®&. €%m 



~4t- 

cGoz&vrowi wtx^&xtos cr^i^Ti'c^ mttt:\tcca c^«c^crrc7 C'?r<GccaGco 4440 

'XSQCCQ&ZZV <*t£TCZ&f3A w rr, TXXXXX^GG CCTCATQCC« CCC^fXlO: 4bUli 

^XTIS'^^Q fy;rXACX^s3C C&^TO&CT O-'JUCrXKGGG <&CCGTC3AA G?C^WCCG 456& 

M^ACXSCAift, <5TO50;WJG A^GGCeGTC CGOGCCGGQC CGGGC-1X?rC;: TCGTtCGOGA 4&2Q 

2CMXSGGftC €»AC<KCCRC CS^TCATCG MCMOCACC OVC^NSCCA OS^-TCCiX 4 £80 

GA£CACOG££ SOS^XOOStfr CT^tXSXOS t^TPCSfTC TC ©XTOSCJVST ttrGGTGCCC 4? 4^ 

TOGOOTSTCA GmSCGICTK CTO3CC.AC<iT TtTTX^SCf^ OJS^OCCn- 480* 

cax^cocT CAC^e-eecr a^orc^^rcs <&t^xgcgc Gcmrc&wzrn ^TOGAr-ycss $e&e 

ce-^^wx: c.rc<rc^COTT cto*g?<x*c tg^xc^jG cg&w*&cgcg ccc^:c^ 4 mo 
TcracGsccr. Ge^^vot tc^^ctgc cw;iWCT c;n>jro^TG ttccccgggo 

Mmnt>CGC& Aj^GGGCCGCG AACTOTC-:iA A'UAGTCIXX'X^ c^rr^VOCG 

AOlXK&TeGC CGAG'iX?^^ O^CCCCC^^ ASCCGTCJCJA? CX^TOSTCS C?GTOC<3ACG 53 00 

Trcrcosivrf ca^ssyoAT inxxy^rc^ ix^^rnX'T rxwrcoie^ ^tttgcgg sssc 

■rvVvTwTst'afs cttgo'^'t* rnwriyTrrcr cggccocsgct gctt^gat ^.^vn^ s^-j 

C£.-;ac'?"co\ r^TvV^vrc ^cosro^osr gcvstctsw; tgccttctcc c^^XiA^v; vh-jCs 
{?ax'<t^v>:'r :.vsttgo:x"i<3 cvcxtcsk rcAToscosc ow^cr;*^: ggccgcg-^v 

^ATGGCTTC SJTCCCOTG GGOjAAGCCXJ A^TOaTSFC GCGGt?TG££& {y*HX*GGT03 5400 

AiGGrrSXTOC OCTCAACOjT CCGIGOTKX^ TiGGTCATCGC GGGQiATCSCC CAGG^CTCG 5<S60 



WO mmMR ra«W«4M 



^Gcexsca c\r^aicAr crca%A^c?i. tccaa.^^- c^xgcosaa . cva-ctc . L ^ 



Cv^^:^ v ctr ^m^^;; wjtptv cotcacc^ ^?"^mo v 



r^safiTGKX^ rTTCTra^" Gcccscc^'wr ess *>^~ 

(Ei r¥PE; amino acid 
{iij MGLEOiLE TYPE* peptides 



?xi> DESCRIPTION' 5 SSQ IP »S 3* 

Tvx Fm val m® Ala Tter ala mp -Olia &la Cf ss sin <a.n X^u Mp 
1 S M IS 

V&l €ys l«ss Ala Gly Arf Ala Gly Bis Ang ¥al Arg Jtep ¥al ¥al tms 
30 25 3S 

Vt* * oA * i.; v •it-' „y n^ 1 ^ h*r >>T - *"-x W PK 7\r 
35 40 45 

3_r M ! u -i L*.^ ^ Mi Vii ni - .-^ t -it *\ d c^U 



TKp Giy Vfcl Arf »o top V&I V&l Lest Gly Bis s#r lis Gly Glsa 
€5 75 75 m 



- 44 - 



™t r * ViSi "^r JH. Vx i C> v <c*l K"<~" 1<*T ri A) -si ill* 



A f c I Va, Ma Arq ii \rq l^co Mtt ^"in klj t-^u A.*- Giy 



lv ?W Vfc-t Vat ,\\^ W A ^ 5tt ' I Ak ss^d \ - AlJ. i ' 

115 136 125 



£«» aiy Asp <3;y V«; 0»J U>u A* a Val CT.v Pri> Ser Ais V&l 
130 135 130 



Vsl l^v: Ser -r » i y Asp As? Ala Vai toil AS a A\s Als Arsj * 
MS ISO 1SS j 



M-f <Slm Sly Mis Lys Tfer lift*- iLjp Val S«r Mis: Al& Ffee 

MS HO 175 



Bis £ge &U Jttf Met Ms Met: Usa M.« <#» tti M* Ma Gla tm 
im IBS 190 



JO.a G;y Vsi Trp Arg Glu 3»ro Glu lie S?ro Vai Va* i?er As?. Val 

2yo aos 



f.&r G*y Arg Ph« ?J& Gits Pi-'> Giy Glu W Thf G^j S-ro C-iy "yr 'Jrp 
£10 IIS 229 



*0n CU fj.J \^ Aw As^ W V 1 *I f O ^l? \&1 \^ J>±j 

225 23D 235 £43 



^ir Ala js V^l r< 1 gIj. Ai* ovU Vo 'u: \ j' 



-45- 



hi* iJzu terq Asp Asp Arg Via Glu Vsl 'Tiur AU II? Thr Alii Val 
280 285 

Ma Glu I*?u Phe Val Arg Giy V$l Ma Val Asp Hp Prt M<\ Lfc'i l&a 
2M t$% 300 

f»r© Fro V«l I'fer Sly Pte »1 Mp Im* 9tO Lys ?Vr Ala. Ftss &&p &L& 
305 3:tQ 315 320 

Sin lis Tyr ftp fee slsi Pro Ma Ms ®Xn &ta Thr Asp ak Ms s#r 
325 330 331 

Ley Sly Gin Vml Ms Ms Asp Sis Fro I*s« to* <3ly Ma ml ml &stq 
$m 343 

Fro Girt &*r %sp csiy i&j v&l T^r t^*- Lev s™r sr: r.vfs 
355 

Ssr His Pro Tax i*'-s As;; His Vai IK< tily Sly Vat VM Ley Val 

378 S&0 

M.« Sly Tfcr Sly Jjmx Val 61a lam Ma Val tef Ma Gly &ap Glu. Ms 
335 3f0 43© 

Sly eys a^rs ml imx. <*i<a Xso v&l IM ®lu Ma Pro i*m V&1 Vsl 
4-06 «S* 415 

T*r.t Asp }*is Qlv Giy V^l flj" j ^lr- V<iS Val V-sl Giv A- A PrV* Giv 

420 43 S 430 

CIu Tar G4y Ssr Arg Ala V*l Glu Val Tfyr 3*si L^m Arg Glu Aap Ma 
43S 446 

Sly Ala GIls Val Trp Ala Arg His Ala Thr G±y 1-ha Leu Ma AU Ttir 
45© 455 460 

Ss?r GAr 5 his Lys Pro Pt>« Asp Ph& Thr Ma Trp Pre £td ^jto Giy 



ml Qlii m$ ¥al. Asp V*i Gkl Afcp Pt«? Tyr Asp Giy Fhe Va: Aap Airg 
385 43© 4f$ 



Gly T$r Al& Tyx sly pro ssr Fist Arg ©ly tog Ma V*l fxp tof 
590 5-0$ Sid 



teg Gly iisp Glu Val PA« Ai& Glu V-ai Ala Lhu Ala Glu Asp Asp &r«3 
SIS S2D SXS 



Al& Asp Ala Ala Arg Phe >ily lie Hxs Pro £>ly Lej hav Asp Aia Ala 
530 33$ S49 



Leu Bis Alia Qlf Met Ms Sly Ala SSaf ffer 'Bar SIvs fero <3lf tog 
545 555 SSS 



Pro Val Pro Hi* Ms Trp tern- Sly V«I l*ey. tils Ma Al«t Giy 
SSS S10 $75 



Ss S<sr Ala L«u Ai\t V*i As*? l«« Al* Prj Gly Pro Asp Lfiu 
SSIS 585 5fG 



Ssr V«l Glu Ms Ai& Asp &1<3 Giy £31 y I^n VsA V«l Thr Ala Asp 

»§s mn &m 



Ser Ley. Val $sk tog Fro ¥al Ssr Ms &hi mn im fSLy Ma M« Ala 
€M SIS 



M Bis Asp M.« I«u Fhs tog Wl CO* f rp flsr He fer tar Ms 
«*5 S3$ S3S MO 



Sly Asp Viil Pro Ala Asp Hi* Val SUi wl U>u dhi Ma V&l Gly Gly 

««s m$ $55 



Asp fep ®I» hm Thz m$ Mq v«l hm 6ta Vol Sirs "Str fr|? 
650 665 670 



,47, 



Lessi Ma Asp Ma Als Asp &&p Ala ftrf L©*a V&l Val Thr Ar-g Sly 
€75 mo 



; ¥^3. Bis 61» Val ffer Asp fro Ma €lf Ha Ma Val frp &ly tai 
€t3 6SS 10® 



lie tog Ik Ala diss Ma ©Xu Astfi fro lie Val I^t I>«s.t Asp 

70S 710 IIS IM 



1- *^ A.*^ ""Ij *Vr T < " * Ao.* > 1a* A_.& Ar^ 



^ \1 1 Jro \aj. T " Gl* j.'-iT ^ "Ue 



Cvr A^tj i* ^ A_:s _ r h ^ =^ » 
820 625 J 



I<c iTls: Asrq r r- A-^r "\ ,\ ,n Va 1 """n ;W 1 

835 MQ MS 



lb- \rrs Mi ^ „^ 'la 



wo %m%m 



:.ys V<<1 Pbe Ma j?r» Lys Tar Al« Ala Asn Hia L* ; i top yisj 
845 9?0 680 



dly val Fte Gly set Aia Gly Oln >Hy Asrc iyr Ma Ms Asn Ma 



: As*p fiJa V*i v&l Alfl Asm Arc A5« Alas Gly Lea $zo Qly 



Thr S^r Leu &I& Trp Gly Lsu Tip Glw Gla *Elsr Msp Qlj Met- ffct Ma 
§30 S3S §40 



His 1*12 <Sly 2&g> Ms. Ji£g> Gin M« Mt-q Ala Sssr Sly Gly ¥ai Leu 
SMtf PSD sss §m 



U* S*s ?ro JMe Cii: 03y «et. Kin T<e-i Stoe Asp Ma Ma Fro < 
965 970 975 



A'Sy v<j) Pre* Val lys lea Asp Leu Ar^ Lys Thr As 9 Ala C^y 



Giy T^r Val V>rr, Fi* I^-i Arq Cl> T,^ Vai ?:o G 

99S ICO'' 13<-S 



* to C./ AS J 



Gly Al* ?io Ala v'n ftli. Ala Lfu A*? Val 

IUVi< I'm, ISJS ILMO 



¥&1 Gin &m &rf Mis Asr§ l&® Arg &a <&U Sex Slf L» Lys L®a M 
1675 iOBS 

Mi Tt® V&l £h*ss j&ssp fyr Fro fte Pro ml Jjm Ai& Ar$ fyr 
1090 1395 

;u *i>zi> c±.\z prv =lv >. "•uk A3 a rrs- vji a^* 

utss mo ins irm 

\^ A - Ai- Ai& SlSC hi& U-V Jlu PlO l> Alts & i ^ x <.-s 'H\' M=t AU 
MB 1130 1135 

Cys> Art J*u Fro Sly sly v&l Thr &sgs Fro Git* Sly tea Arf tes 
11-48 1145 1150 

V«l Asp Sly liHii Git: Gly Leo S<s.r Pro Phs Pr« (55. sj Asp Arg Gly 
1155 ItW 1165 

Ji- Asp Ijtiu Asv A^|> (iin Pr™ Asn Ae " °! i^j 

Thr Tyc Tfis &er teg <liy Gly Levs Asp CJy -Ma Gly *>hs* Asp 
a3ss use use. 12 £50 

Ma Gly Phe Phe Giy lies Ser Fro Af<j C*k; A.l» Ma Met A&p Prs 
1205 1210 ISIB 

Gin Glrs Arq Leu Leo L^u Giy A3 a Ala Trp Glu Ala &1« Gly Ttu - 
1.229 1225- 1230 



a".y V^l Asp T'T« Gly SvL'i- Lou Lys Gly Ala Assy Vft* Gl>> Val Phs> Ala 
1335 12:40 1245 



-SO- 



G.v rvi A TtM AJ^* Gly m*- \te V-^Z. * <.,]y Arq 

s.-il *w "he Gly Us faj 't!> v»o a - ;* V^l II*. Arp T*Wc 

12m 12m 12m 

\~& (.Vo biet i^i S^r <a.l AU f i \ b'^ts Lea Ala t.ly c^is A^a Leu 

11m ms mm 

hzQ GIts G3y Cju Cys Ses Mi**. &I*t Lsis Ala Gly Giy val ftvr Val K-st 
1313 132:0 132 S- 

Sly Thr Pro Gly Thr Ph* V&I Gia Fh# Ala Lys Gin Arq §ly Ala. 
.1330 1335 1340 

Gly Asp Gly As--ejj Cyfif Lys Ala. Tyi Ai* Cl-a Gly Aid §Jy Thi Giy 

1545 1350 135£ 3160 

AU SKt my V»l Glj V&L Vtil Vesi Lfc\j Glu Ar^ ijm £et V*l Aia 

i3«s 13?© :ms 

Af^ 1 1 H ^ y H 1 ,( 1 A •* Wl i\ \r* ( Ck> i>rs ^ a \t&~ 

13S0 1385 1330 

;>** <* ' ( * »a *~< " Art €> ' #-t "™t \ !■> \m G n v t o <ver 
13S5 MW urn 

f -7..* A.£ V I i A i a A.* Lt , Ai 1 * \ v v 1 ft 1 v ^Vi ^ * ""1 
Ml® 1415 1420 

Y<il A^ ~H VYi "l^ 1^ . I.j «. » » • fl* \* 21 J 
M t H ^ 

V<r j ^« "i twa Aia l*i *v 0"\ Tfr* & Arc? 

1*S5 14 SO 



-si ■■ 



1U8 1M3 W/U 

^ r ^ i c t J a 36 -la ^ \-U ^ \ i T V M C 

1475 1480 **85 

rj £t G \ v^l Re* > I ^ * *al Aa.*- 4ic: 

1410 14*5 K 

Ri\t H u T K 1 \ \ " * Air v ^ 

1525 3530 

^ t1 i <: i i " v fs t t * it T Ts\it i Am 

1540 SMS 3550 

1 W 1MD 15*5 

1570 1575 

151)5 isss- l.feOu 

IfcOS IblS 
Ma A^s. - r Ala k. ^ \ K\ *M ^ ^ % t \i M j 



Val C&y Hmt Sly Jsrg SIta l«i imx Sla c*Ivs s«r Fries v&l SPfcss Alt Glu 
MSS 1670 1675- i&m 

Mq llm AM Glu €y& Ma Sis Lena Glu Fjtss Trp 11* Sly frp Ser 
1€«5 1£$Q 

Asp Visi. &m tog Sly Asp Slf Asp Leu Asp Ar^ Val Asp Val 
17(H) J710 

Lea Sia Pro Ma Cys fbe Ha VaX ISet Val Sly &m Ala Ma ¥al fc*p 

im nw tin 

§<-r Mft C-'y Val Val .Trc Af>?j Ala Veil -Sly E5k ir- <Slr> Gl> 

1730 1733 m«S 

G*L- lie A.: a Ma Al3 Cy& S-Zt C ( l$ AIks L^K 5*: Leu Slu Asp M* 

r>4: 1750 ijf*s 1760 

Ala Lys V«i Vfti Ma Asa §«?T <^ Li® A±s Ala Ly3 Lau Se; 

1?«5 1770 1775 

Civ Arq sly G^y Mat- Ma S<*r V&l Ala <Jly Cl'- Ala As» Va* Val 

nss i? as urn 

Ala iLrr ,'\ Va' 1 .1*3 \a A, a A 1 a W, Am ^ * Pr " 



V^l %&l .1^ A1k> ,i% ^.s". M ! ^ h ; , << ,v ^ o i\ 1 ^ u 

1.310 ISIS IS?:© 



Al N a fc.*:z v-^v A-& Gl < -If *U-3 A*<J "*■ A * 

IS *5 \*h 



kl& Ssr 'Hj.r "''t'jr S-T 1 ? G i Vs^ T^f 'Vsr * 



wo $mm» 



Ms Less Ma Sly He A&s> Alfc tog Ik Pro L-esi V&l Vim IMS Ssr 

mm mm asio 

Thr Lsu Thr Glv Gly Trp lie Arc? Glu Gly Vs* Vs* Asp Giy Gly 
I8T5 1880 1883 

TJT fyr 

mm 

,h) LSFGTK: 5>3?*s3 pairs 
(Hi TOE: smeiHt; aci<3 
:Ci 5TPjW£DJSES£ : dcsuble 
;S) TOPOXjOGY: linear 



Aroax^AAi 1 o'^^X" axv,*^^ ^ »t<za~>: uvc^^a*? iz 

Cv^qgt frrc-^GGAC c^-i^&i-A mttvc^vo ^^-ciGB: rrc^sCj-cx. i«j 

'^vwrA a^v^?^ k^-ww^- \ r*rn vv 



*crmtwm*m 



A^A^I^A G^A'A^JS GCCA^TG'T'C C\ -fWTcGA C^?\JV\> r^-T^TXA f 4 j 

v<rrc^*' x ^ i rc &^rj>^ a^^tca- c^wgcccc 

au^s-^v cer^r^T* ^ivtvV io^&sar a w^xxc; rrcT^"r m 



Ti*^V"\ V xT^VvCa"^ Rr>T* i^V bCsCT* OA's -OCC Nv> 



sso^mjos jfcsoaaoss&o m&xmcm scosg®c&x impasse? cq^tcoss asss 



CAO^G&C" i^TV^XGAT CrGCC'R-GG - : mXX&&r&? WZ&ZTGT&Sh GACriTrCTiV 

QC&iflCC'Kyi C3SCQ3CSTG CCGC1CAACC QX&rSCQSZ GftCGGCCGftG J MO 

CTCRWKywX OaCTOACXTGA CMCOKSCS AOaGTGGTCG TCACCC^G" COCCi^SCSCft 

GXCr,GCTCC OGCTCGCQ-JC a^^'IfCAG CO^X&OAA i^'aSGSa r;^o 

<^GC:CC.AC M r CCT&Cl&CGA ACtWXXTC AO^JSiACC^ CCGAGCCCtSf " CO^V3- a .O'^'; 130-0 

CTCQ\CK^\"~> h(X^yy$j? <iTGCATQTi\^ T^£<££COG OC&^^AO!?^ -XX^TC-AAG is^O 

GC^CGTCT CCACQC&SCG CftftCTCkCrc: mfree^G CWJCTfJCTA ;:CT,kXOTV. 1920 

«XifiCCACKA CCGOGTGlTC TG9X<JCTCC CQ^GTTCCA CMKTmCS 

CACA GCC^TrGSC C3X%-CG^G GSCOGk^OCfc SCGSCCGGAt 2040 

&c-t^-\tt>\-: ;cc;v^j\N.iv 'Vi^i&xtc ^q,^;g<^v^. u^ca?ott crTGGcakX n$f> 

OTGCCC^CCA CCTACOACCA C^r^Cr^ CZCGCZCanC KaccKG&rS? CTCOSCrSCCG 21«0 

i^e^duA ^.cjacc^s: cx^scjt; crCcrrcsGec- i -_-x. , ^gcto:g m^xsc-hx" 222$ 

c^^\gacct ■pr^v-jTu"..- cok^toja: got&c-jo.:* oc&:x.r*xav v'toi*^, ri&u 

AirACCA^Q*. ACCCGCCOGA f-T^^T. OnXXi^GSCT CG^XC/JCTT S^CCCTGCCS 2340 

oxsraacs m:0G&i€<i'r CQV.eccG&r ^oxcicg ^csccccg? co^gaggag 2400 

v^OO^VX'JCT fWiX'ACCGC- 0:CGAAOGTC ftTGCTC^SXT ^XATJ^jCM 24*,(s 

ST^GCCGOGS CGKTCCTiGSA CC^TGC-TIC CSSftCCGGRJ ftCt^X^XCv CffXX^CGAr 2^0 

GC7(.^rrr^.'™ 'k:accai.^.: o.xx:xxxiAi\: a?^ra£tc& t^tcox^ c\vx;^jq.AA:: :sso 



~ 56 - 

CTKXC>TCTS TOO£v^CvA 0J- ^LtO*'. '^GkTWCCGG- ?:A\TVff! ^Al'CJ^GGA .""I,,. 
?C^V^T^ TVQft.* rtTIBC GGOTTJVJStfC GKy^GTCrC ^-^VAC^ CTO^^A^ 

KhO-vvGcc"*' w^ikxx-x o^^io*^ ^vv^v>* (x^'^tk c^^-^vrr rzzi 

CX«V^V«V TC«TKvCCv*ft ^'< A V»1 A>VV V™ &"^V^y^ ^VCAGJ^ 
>5X."^V Vt\ .JK\-0» ^ ^.GI\XJfl\ ^_A*_0 % _tA; 'iX^VOuA^'v. "■ ( v 4- 

s^VrCAG Xv Ca^^V'V* CsWSftT'AC K '"W<W\ ^<\*^X'CwV ^Ov 

-*\*t&v ^lorrcir""' .v-acg^sCC oxrrrv^cv. ac\ T^a A, r vA^.tcv^ 

^ct^ttoi AC^RCvv&r ic^vc xz c**n: \\-^ g^to^* ar.^Tr 
"^y^acoc a^ccTCxV ^v^v^r ?<v w»>fi —-a^vo' <m: 

_Tl ^TCsCVCG iCCX ^"-^ reV^.^J.- AiJ?i*rC<_V.^ Ol*AJJ<£>'-C C?*3GG&CCr^ Ijfo 
v^w^ VvOA ^IXCTV^ii- A^Af^OCjO AvVvuft.^ C\} S A" v.v.W~AaWs j _ 

c^zcrnrrr, ?yv>-^agc% CS\**Vfc:r ^rNW.vxv" .^awc SMC 

GkC'So?^" <\v.^„\T" 'r^w**^ ft^< ^ ^lii^n^ ^"t^- T 

*"<U^ J5.:^3TC\\* v.- v*o\ — ^ 0O^Wi s \ w"t:>'- 

OTS^wm <ic<s$s§otc ssssCogggts smmosrsc tqg^ctsss. A^XmSDS 3720 



* 5? - 

GTx"ACCv"s'K^ nCACCGCGTG Tl^ICTTCG CT07r>3SCtiA IXiCACCTOGC' CsSCCiUAOOCC 3 "80 

GetaiftTCCTC GATGGCGCIC CXXXJCWCSGGG TCRCGGWGAT GGCCACGCCG 3340 
&X'K>GTTCG TCQ^TTCK COXO«3eGS- tXCCTCGCGC CCGAvOS^G CTa^AC^CC 
TKXSCC^C^ C00£-£AC&G GftOTCXJCTOG TCwGCCHVSGT C^IXTCTCCAC 

■T^X^JTCCG 'T^C^"SC<SCCA QZ£G&2£CIi£ CGCATCCTOG CC^TTTfOCO TOrSC&SCGCG 402-3 

GTCAACC^^S A^JCGCGTV CA^<SJGCTt AC^^S£eCiA ACSGCCTCrC G^AC^AGOSi 40 BO 

CTCATOSGCO IXX^CIXXC Gi^GCCGGG CTOGCftCCOT CC^WoTOfJA C^TV<7?C«AG 4a*H 

C^C-^wCSCA aXsGG^iCOAC GCrGSSTGRC CCGATOG&X GC^3X«ACC 4200 

■I'ACC^^S j^<^AGCk GCCGTTGTSG CTCGGTTCCC 1^%SiCG&A CMCOGCCAC 4 250 

STGCAGGCCG OTC^SSGCGT T^GSSCCTO: ^>AfiMxX* TGCftSSGCGCT GCG.'SCACSAG 422C 

Arcrr^rcc rGJCGcr^A t-:ttt.x^caa^ oc^ctcttg ^gtggact!^ gtccgcoggt 4iso 

fXX'^ri^AC ^"it^.'v'Vi. C^CC^TG^G MXXgXQTSX OCOCfXKJQCC 4440 

CX^T«\-\ } T CStTC&^S? CAGCGGGAO: AACCCOC^C WW JS^C<5Cvv 4^00 

^r{JA£JSA^ CCCGGSACTG CC-3G?X5Tvr CXXTIT^IX^ <^XOSCC50 456?.- 

Ara^VXT^CT CGCT€TTX>;^ GCSOXCOAG CCX^r/XGT CCCTCCTCGA AGGQOSCCTC 4S2C 

fCfiTOTiCfT^ ^Tr^OC^ GGD3Cf^.-5GT*S TCCCCkTOSCsG C<K^Cn&~»A fVJUX^X*CC 4S3C 

^STO^KSC* r:C"»OTCC£^ OSAiSGAAOCC TOC&'XXSXT <SWTJ5lC<^G!CC 474>j 

g^ttcc-sg^,. c&tcggccssA wTOTrG'^Jc; gtgtkx:CvC lv;/:^^^-: ^t^'^xc 4300 



ecssATQcxscx: <nfl*fltrrQtrr ggccgagtcc 

r>-;QfXi".>X«T IXiCX'^CCwTC QAK^fTOM 

g&tctosgtc -^crrasATGr gctxxj&cos 

UCC^'lXTOSG A^:Cf.T<ssa C=C7CCtX3000 
&tjxxx*octc cctoxstttc <3K£sgcgtto 

CIXXXK^JHC kGOCCmXlSC m2G£b$£Ta 
CTt^iXGASG ACv^S'STC'? TTCC5CGQCTG. 
<^CCC(*?CTf fGGTGCTGAT 7SCCi*3>7^T 

^kt^cossg aac/^a^c oroa^i 
ca^t^tax; acakxoCvA ^eivmv;^ 
QQrsGtrsxzfGC <:syt"$c?M?vc caccotczlg 

GACGGCSXCT ATTGGT&CCC CA^CCl^X 
GTJXTSrSCG CACGSSCTK 

CASC?c:cn*3A GCGf^cn^o cx^x^escc 

CPGCOGCQOT TCC^XIT'PC GA.TG3GTSftCi 

AC^^TA^a •tucccat.&ys: ■:.c?^to/^^ 
c&ctac'kxx: 'j^wxxxxsc c<^gcxxx;c? 

STCAi^&DlC C:O^TTC«3&A CCCACI'CaCC 
IX^CSGCCT GSlOCeSMC 



- sa • 

CS^CTSTXCS CCC&GCiJSA? CGCCGASTGC 4§«f. 

KX?CTO?PCW ACCJTCCPIXG CCGCGAGGCK! *$>£0 

^cc'KST^rcc ax^to-Jr rxxaxTOGC'r aiw* 

TOKJGC&rrC GCfij^TOAS 50 4 ft 

T'XCTCGAGG A^XfSaC'iAA GCTCSTXSGCC 5*100 

rcas&xsoa a:>rx.«s.'TGGr gtcgj^scc: 

CTPCTOSQGG TCGAGOICGC CGCCCTCAAC 5220 
GCCCRTGCTC TOSACGCGAC OC^VIAAASC 

OTC^XOC??^ ACT^XCn-.' fXX^OXOG 534G 

GA<\^X;Ti\33 CCQfXi^rCAG "?3COCftf30^j MOO 

l^EAQTGGG; TW'^yy.NSC (SKTCd^; $4 60 

AKX&GGTO: 0300X0^ 552 G 

GflXIGAOGTCA ClXX^ACeC GGTGACGGIC SSsO 
ATCGQ^AT TTirGSCCTGA AQADX^sC 

ra^ffii?: camiAcm" v. ? >% 

tc^kccqcag /^ceoc'rocr cxx^acagtc sssc 

Q/'iiiWX^- Avtl-^lt:-^^ O-^XC-CAG &8i50 

o~€©:cciss ycm&t&tgsc -w?ccs®c$c 594$ 



